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NATUEAL   THEOLOGY. 


CHAPTER  XVII. 

THE  BEULTION  OF   ANIMATED    BODIES  TO  INANIMATE 

NATUBE. 

We  have  already  considered  relation,  and  under  different 
rTiews  ;  but  it  was  the  relation  of  parts  to  parts,  of  tho 
jparts  of  an  animal  to  other  parts  or  the  same  animal,  or 
t>f  another  individual  of  the  same  species. 

But  the  bodies  of  animals  hold,  in  their  constitution 
and  properties,  a  close  and  important  relation  to  natures 
altogether  external  to  their  own :  to  inanimate  substances, 
and  to  the  specific  qualities  of  these;  e.  g.,  they  hold  a 
'strict  relation  to  the  elements  by  which  they  are  sur- 
rounded. 

I.  Can  it  be  doubted,  whether  the  wings  of  birds  bear 
*  relation  to  air,  and  the  fins  of  fish  to  water  ?  They 
ire  instruments  of  motion  severally  suited  to  the  proper- 
ties of  the  medium  in  which  the  motion  is  to  be  per- 
formed ;  which  properties  are  different.  Was  not  this 
difference  contemplated  when  the  instruments  were  dif- 
ferently constituted  ? 

II.  The  structure  of  the  animal  ear  depends  for  its 
not  simply  upon  being  surrounded  by  a  fluid,  but 

>n  the  specific  nature  of  that  fluid.  Every  fluid  would 
jot  serve :  its  particles  must  repel  one  another :  it  must 
ia  an  elastic  medium :  for  it  is  by  the  successive  pulses 
such  a  medium  that  the  undulations  excited  by  the 
mnding  body  are  carried  to  the  organ ;  that  a  com*. 
Hmication  is  formed  between  the  object  and  the  sense ; 
"rich  must  be  done,  before  the  internal  11W&NNCT3  «* 

ear,  subtile  as  it  is,  can  act  at  all. 
rot,,  m.  -a 


6  NATURAL  THEOLOGY. 

III.  The  organs  of  voice  and  respiration  are,  nC^ 
than  the  ear,  indebted,  for  the  success  of  their  o£^  ?' 
tion,  to  the  peculiar  qualities  of  the  fluid  in  whicl*    .yj 
animal  is  immersed.     They,  therefore,  as  well  as     *j 
ear,  are  constituted  upon  the  supposition  of  such  a  fltf^l 
t.  c,  of  a  fluid  with  such  particular  properties,  bei 
always  present.     Change  the  properties  of  the  fluid, 
the  organ  cannot  act ;  change  the  organ,  and  the  proi 
ties  of  the  fluid  would  be  lost.     The  structure,  therefore*! 
of  our  organs,  and  the  properties  of  our  atmosphere,|i 
are  made  for  one  another.     Nor  does  it  alter  the  pel 
tion,  whether  you  allege  the  organ  to  be  made  for 
element  (which  seems  the  most  natural  way  of  con«id< 
ing  it),  or  the  element  as  prepared  for  the  organ. 

IV.  But  there  is  another  fluid  with  which  we  have 
do ;  with  properties  of  its  own  ;  with  laws  of  acting, 
of  being  acted  upon,  totally  different  from  those  of 
and  water :  and  that  is  light.    To  this  new,  this 
lar  element — to  qualities  perfectly  peculiar,  perl 
distinct  and  remote  from  the  qualities  of  any  other 
stance  with   which  we    are  acquainted— an  organ 
adapted,  an  instrument  is  correctly  adjusted,  not  1( 
peculiar  amongst  the  parts  of  the  body,  not  less  singi 
in  its  form  and  in  the  substance  of  which  it  is  compos 
not  less  remote  from  the  materials,  the  model,  and 
analogy  of  any  other  part  of  the  animal  frame,  than 
element  to  which  it  relates  is  specific  amidst  the 
stances  with  which  we  converse.     If  this  does  not 
appropriation,  I  desire  to  know  what  would  prove  It. 

Yet  the  element  of  light  and  the  organ  of  vieic 
however  related  in  their  office  and  use,  have  no  « 
nexion  whatever  in  their  original.    The  action  of 
of  light  upon  the  surfaces  of  animals  has  no  tendency] 
breed  eyes  in  their  heads.    The  sun  might  shine  for  ei 
upon  living  bodies,  without  the  smallest  approach 
wards  producing  the  sense  of  sight    On  the  other " 
also,  the  animal  eye  does  not  generate  or  emit  light. 

V.  Throughout  the  universe  there  is  a  wonde 
proportioning  of  one  thine  to  another.  The  size  of 
mals,  the  human  animal  eapeddXy,  ^\\sn  tssasv&s 
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t-  respect  to  other  animals,  or  to  the  plants  which 
v  around  him,  is  such  as  a  regard  to  his  convenience 
ild  have  pointed  out  A  giant  or  a  pigmy  could  not 
e  milked  goats,  reaped  com,  or  mowed  grass ;  we 
r  add,  could  not  have  rode  a  horse,  trained  a  vine, 
rn  a  sheep,  with  the  same  bodily  ease  as  we  do,  if 
Jl.  A  pigmy  would  have  been  lost  amongst  rushes, 
tarried  off  by  birds  of  prey.1 

t  may  be  mentioned,  likewise,,  that  the  model  and 
materials  of  the  human  body  being  what  they  are,  a 
ih  greater  bulk  would  have  broken  down  by  its  own 
*ht.  The  persons  of  men  who  much  exceed  the 
nary  stature  betray  this  tendency. 

I.  Again  (and  which  includes  a  vast  variety  of  par- 
Lars,  and  those  of  the  greatest  importance),  how 
3  is  the  suitableness  of  the  earth  and  sea  to  their 
ral  inhabitants ;  and  of  these  inhabitants  to  the 
es  of  their  appointed  residence ! 

ake  the  earth  as  it  is ;  and  consider  the  correspon- 
;y  of  the  powers  of  its  inhabitants  with  the  proper- 
and  condition  of  the  soil  which  they  tread.  Take 
inhabitants  as  they  are ;  and  consider  the  substances 
2h  the  earth  yields  for  their  use.  They  can  scratch 
urface,  and  its  surface  supplies  all  which  they  want. 
s  is  the  length  of  their  faculties ;  and  such  is  the 
stitution  of  the  globe,  and  their  own,  that  this  is 
cient  for  all  their  occasions. 

Vhen  we  pass  from  the  earth  to  the  sea,  from  land 
rater,  we  pass  through  a  great  change :  but  an  ade- 
te  change  accompanies  us  of  animal  forms  and  func- 
s,  of  animal  capacities  and  wants ;  so  that  correspond 
;y  remains.  The  earth  in  its  nature  is  very  different 
i  the  sea,  and  the  sea  from  the  earth,  but  one  accords 
l  its  inhabitants  as  exactly  as  the  other. 

II.  The  last  relation  of  this  kind  which  I  shall 
ition  is  that  of  sleep  to  night ;  and  it  appears  to  me 
le  a  relation  which  was  expressly  intended.     Two 
ts  are  manifest :  first,  that  the  animal  frame  Teopivte* 
;> ;  second^,  that  night  brings  with  it  a  sWetvc^  «&A. 
1  See  the  Appendix,  on  the  bones  of  huge  anYms&a* 
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a  cessation  of  activity  which  allows  of  sleep  being  take 
without  interruption  and  without  loss.  Animal  existem 
is  made  up  of  action  and  slumber ;  nature  has  provide 
a  season  for  each.  An  animal  which  stood  not  in  nee 
of  rest  would  always  live  in  daylight.  An  animal  whicl 
though  made  for  action,  and  delighting  in  action,  mu 
have  its  strength  repaired  by  sleep,  meets,  by  its  coi 
stitution,  the  returns  of  day  and  night.  In  the  hums 
species,  for  instance,  were  the  bustle,  the  labour,  tl 
motion  of  life  upheld  by  the  constant  presence  of  ligh 
sleep  could  not  be  enjoyed  without  being  disturbed  t 
noise,  and  without  expense  of  that  time  which  tt 
eagerness  of  private  interest  would  not  contentedly  n 
sign.  It  is  happy,  therefore,  for  this  part  of  the  era 
tion,  I  mean  that  it  is  conformable  to  the  frame  an 
wants  of  their  constitution,  that  nature,  by  the  vei 
disposition  of  her  elements,  has  commanded,  as  it  wen 
and  imposed  upon  them,  at  moderate  intervals,  a  gener. 
intermission  of  their  toils,  their  occupations,  and  pursuit 

But  it  is  not  for  man,  either  solely  or  principally,  th; 
night  is  made.  Inferior  but  less  perverted  natures  tasl 
its  solace,  and  expect  its  return  with  greater  exactne 
and  advantage  than  he  does.  I  have  often  observe* 
and  never  observed  but  to  admire,  the  satisfaction,  i 
less  than  the  regularity,  with  which  the  greatest  part  < 
the  irrational  world  yield  to  this  soft  necessity,  th 
grateful  vicissitude ;  now  comfortably  the  birds  of  tl 
air,  for  example,  address  themselves  to  the  repose  • 
the  evening,  with  what  alertness  they  resume  the  act 
vity  of  the  day. 

fror  does  it  disturb  our  argument  to  confess  that  ce 
tain  species  of  animals  are  in  motion  during  the  nigi 
and  at  rest  in  the  day.  With  respect  even  to  them, 
is  still  true  that  there  is  a  change  of  condition  in  tl 
animal,  and  an  external  change  corresponding  with  i 
There  is  still  the  relation,  though  inverted.  The  fa 
is  that  the  repose  of  other  animals  sets  these  at  libert 
and  invites  them  to  their  food  or  their  sport. 

If  the  relation  of  sleep  to  night,  and,  in  some  instance 
its  converse,  be  real,  we  cannot  ien»ct  V\taw&  *sa»a 
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lpon  the  extent  to  which  it  carries  us.  Day  and 
are  things  close  to  us ;  the  change  applies  imme- 
r  to  our  sensations ;  of  all  the  phenomena  of  nature, 
le  most  obvious  and  the  most  familiar  to  our  ex- 
ce ;  but,  in  its  cause,  it  belongs  to  the  great  mo- 
which  are  passing  in  the  heavens.  Whilst  the 
glides  round  her  axle  she  ministers  to  the  alternate 
ities  of  the  animals  dwelling  upon  her  surface,  at  the 
ime  that  she  obeys  the  influence  of  those  attrac- 
vhich  regulate  the  order  of  many  thousand  worlds, 
elation,  therefore,  of  sleep  to  night  is  the  relation 
inhabitants  of  the  earth  to  the  rotation  of  their 
probably  it  is  more,  it  is  a  relation  to  the  system 
eh  that  globe  is  a  part  ;  and,  still  further,  to  the 
igation  of  systems  of  which  theirs  is  only  one.  If 
ccount  be  true,  it  connects  the  meanest  individual 
he  universe  itself, — a  chicken  roosting  upon  its 
with  the  spheres  revolving  in  the  firmament.8 

•thing  is  more  true  than  that  the  strength  of  the  bones 
3  power  of  the  muscles  stand  in  intimate  relation  with 
ight  of  the  body,  that  is  also,  in  relation  with  the  at- 
a  of  the  globe  itself.    It  is  no  less  certain  that  many 

living  properties  of  animals,  the  condition  of  the 
s  system,  and  the  alternation  of  exertion  and  repose 
muscular  system,  are  related  to  the  change  of  day  and 
or  to  the  revolving  of  our  planet  upon  its  axis.  In 
e  may  see  a  slight  deviation  in  his  habits  and  occu- 

from  this  correspondence  with  the  succession  of 
ad  darkness  ;  yet  he  enjoys  a  return  of  energy  and 
ty  of  spirits,  which  is  followed  by  weariness  and  ex- 
>n ;  and  health  will  not  long  continue  without  yielding 
ilternate  condition  of  activity  and  repose.    In  nothing 
see  the  benevolence  of  the  Creator  more  than  in  the 
ted  gratification  consequent  on  this  arrangement  alone, 
ore  especially  in  the  brutes.    It  is  not  a  mere  effect  of 
ad  the  freshness  of  the  morning  which  produces  the 
universal  animation  and  activity  of  that  time  of  day ; 
many  animals  the  light  of  day  is  the  signal  to  seek 
;  and  that  it  is  not  the  mere  necessity  which.  b?\R^ 
s  abroad  at  night,  in  order  to  feed  secluded,  or  o&ca^fe 
enemies,  we  know  from  this,  that  their  org&m  «» 
'  to  the  obscurer  light  and  not  their  organs  os&y,\srafc 
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VIII.  But  if  any  one  object  to  our  represen 
that  the  succession  of  day  and  night,  or  the  rota 

their  propensities;  for  they  are  as  full  of  activity  and 
ment  as  tne  things  of  day.  The  history  of  pulmona 
other  complaints  indicates  a  curious  connexion  betwe 
functions  of  the  body  and  the  revolution  of  time  01 
nations  of  day  and  night. 

But  the  most  remarkable  accommodation  of  the  ec 
of  animals,  and  of  the  property  of  life  itself  in  them,  1 
the  changes  of  the  year  rather  than  the  diurnal  c 
How  much  this  prevails  in  the  vegetable  world  we  ha- 
to  look  around  us  fully  to  comprehend.  With  the  dim: 
of  heat  vegetation  is  nipped,  the  ova  of  insects  loci 
and  the  food  of  many  annuals  withdrawn.  Some'  a 
could  not  be  protected  by  an  instinct  of  migration, 
without  the  means  of  passage :  the  bat  could  not  fli 
with  the  swallow,  nor  the  hedgehog  and  dormouse" 
with  the  deer.  To  sustain  the  animal  heat  against  t 
temperature  of  the  surrounding  atmosphere  requires 
rous  circulation  of  the  blood  and  a  plentiful  and  u 
rupted  supply  of  food.  Many  animals  must  therefor 
died  during  the  winter  had  not  nature  supplied  a  m 
their  continuance  in  life  beyond  the  ingenuity  of  1 
conceive.  The  warmth  of  their  clothing,  and  the  ii 
to  build  themselves  a  warm  habitation,  which  we 
almost  say  were  the  exercise  of  ingenuity,  are  insu: 
To  sustain  life  they  must  hold  it  by  a  new  tenure-  A 
ingly  the  necessity  for  food  is  removed ;  the  activity 
circulation  is  diminished  remarkably ;  a  torpor  seize 
every  living  faculty,  and  they  fell  into  what  seems 
sleep.  Yet  it  is  not  sleep,  but  a  new  condition  of  exi 
in  which  life  is  preserved  without  the  necessity  for  fo< 
when  all  the  functions  of  the  system  are  let  down  to  i 
state  of  activity.  And  justly,  therefore,  it  has  been  sa 
in  these  things  we  trace  the  benevolence  of  the  C 
"  who  did  not  cast  his  living  creatures  into  the  w 
prosper  or  perish  as  they  might  find  it  suited  to  them 
but  fitted  together  with  the  nicest  skill  the  world  a 
constitution  which  he  gave  to  its  inhabitants ;  so  fasl 
it,  that  light  and  darkness,  sun  and  air,  moist  and  dry, 
become  their  ministers  and  benefactors,  the  unweari 
unfailing  causes  of  their  well-being" — WJieicell's  j 
water  Treatise. 
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th  upon  which  it  depends,  is  not  resolvable  into 
attraction,  we  will  refer  him  to  that  which  cer- 
3, — to  the  change  of  the  seasons.  Now  the  con- 
i  of  animals  susceptible  of  torpor  bears  a  relation 
ter  similar  to  that  which  sleep  bears  to  night, 
t  not  only  the  cold,  but  the  want  of  food,  which 
proach  of  winter  induces,  the  Preserver  of  the 
nas  provided  in  many  animals  by  migration,  in 
thers  by  torpor.  As  one  example  out  of  a  thou- 
ae  bat,  if  it  did  not  sleep  through  the  winter,, 
ive  starved  ;  as  the  moths  and  flying  insects  upon 
it  feeds  disappear.  But  the  transition  from  sum-* 
winter  carries  us  into  the  very  midst  of  physical 
my,  that  is  to  say,  into  the  midst  of  those  laws 
govern  the  solar  system  at  least,  and  probably 
heavenly  bodies. 
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CHAPTER  XVIII. 


INSTINCTS. 


The  order  may  not  be  very  obvious  by  which  I  pla< 
instincts  next  to  relations.  But  I  consider  them  as 
species  of  relation.  They  contribute,  along  with  tl 
animal  organization,  to  a  joint  effect,  in  which  view  the 
are  related  to  that  organization.  In  many  cases  the 
refer  from  one  animal  to  another  animal ;  and,  when  th 
is  the  case,  become  strictly  relations  in  a  second  poii 
of  view. 

An  instinct  is  a  propensityprior  to  experience  an 
independent  of  instruction.  We  contend  that  it  is  l 
instinct  that  the  sexes  of  animals  seek  each  other ;  th; 
animals  cherish  their  offspring ;  that  the  young  oua< 
raped  is  directed  to  the  teat  of  its  dam  ;  that  birds  ouil 
their  nests  and  brood  with  so  much  patience  upon  the 
eggs  ;  that  insects  which  do  not  sit  upon  their  eggs  d< 
posit  them  in  those  particular  situations  in  which  tt 
young  when  hatched  find  their  appropriate  food  ;  that 
is  instinct  which  carries  the  salmon,  and  some  other  fisl 
out  of  the  sea  into  rivers,  for  the  purpose  of  sheddir 
their  spawn  in  fresh  water. 

We  may  select  out  of  this  catalogue  the  incubation  < 
eggs.  I  entertain  no  doubt  but  that  a  couple  of  spa 
rows  hatched  in  an  oven,  and  kept  separate  from  tl 
rest  of  their  species,  would  proceed  as  other  sparrov 
do  in  every  office  which  related  to  the  production  an 
preservation  of  their  brood.     Assuming  this  fact,8  tl 

3  There  can  be  very  little  doubt  of  this  assumption  beii 

according  to  the  fact.    Nevertheless,  as  the  experiment  h 

probably  not  been  actually  made,  there  is  no  harm  in  me 

Honing  one  or  two  examples  of  the  ram&  w^ott,  and  -whi< 
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thing  is  inexplicable  upon  any  other  hypothesis  than 
that  of  an  instinct  impressed  upon  the  constitution  of 
the  animal.  For,  first,  what  should  induce  the  female 
bird  to  prepare  a  nest  before  she  lays  her  eggs  ?  It  is 
in  vain  to  suppose  her  to  be  possessed  of  the  faculty  of 
reasoning ;  for  no  reasoning  will  reach  the  case.  The 
fulness  or  distension  which  she  might  feel  in  a  particular 
part  of  the  body,  from  the  growth  and  solidity  of  the 
egg  within  her,  could  not  possibly  inform  her  that  she 
was  about  to  produce  something  which,  when  produced, 
was  to  be  preserved  and  taken  care  of.  Prior  to  expe- 
rience there  was  nothing  to  lead  to  this  inference,  or  to 
this  suspicion.  The  analogy  was  all  against  it ;  for,  in 
every  other  instance,  what  issued  frdm  the  body  was 
cast  out  and  rejected. 

But,  secondly,  let  U3  suppose  the  egg  to  be  produced 
into  day ;  how  should  birds  know  that  their  eggs  con- 
tain their  young  ?  There  is  nothing  either  in  the  aspect 
or  in  the  internal  composition  of  an  egg  which  could 
lead  even  the  most  daring  imagination  to  conjecture  that 

are  ascertained  by  repeated  observation.  When  caterpillars 
bred  upon  a  tree  are  shaken  off  and  fall  for  the  first  time 
upon  the  ground,  they  immediately  regain  the  tree  by  crawl- 
ing up  as  quick  as  they  can.  Again — it  is  a  very  general 
law  of  insects,  that  the  grub  feeds  upon  a  food  which  the 
parent  does  not  eat,  and  yet  the  latter  makes  provision  for 
the  grub.  Thus  the  solitary  wasp  deposits  its  eggs,  each 
in  a  hole,  and  then  collects  a  certain  number  of  green  worms, 
which  she  rolls  up  and  deposits  in  the  same  hole,  over  the 
egg'  When  the  grub  is  hatched,  it  feeds  upon  these  worms 
until  transformed  into  a  young  wasp.  And  here  two  things 
are  remarkable :  first,  the  wasp  itself  never  feeds  upon  the 
worm,  or  indeed  on  any  animal  food ;  and  next,  M.  Reaumur 
found  that  she  provides  just  enough  of  the  worms  to  sustain 
the  grub  till  it  becomes  a  fly,  and  changes  its  food.  Our  au- 
thor dwells  afterwards  upon  the  application  to  the  argument 
of  the  fact  that  the  parent  insect  never  sees  its  young.  The 
architecture  of  bees  affords  perhaps  the  most  striking  illus- 
tration; for  those  which  have  been  taken  wititaraX  e^ec 
having  any  communication  with  the  former  race,  \svS\k  \pre- 
cutely  In  the  accustomed  manner.    See  the  next  ncte. 
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it  was  hereafter  to  turn  out  from  under  its  shell  a  living 
perfect  bird.  The  form  of  the  «gg  boars  not  the  rudi- 
ments of  a  resemblance  to  that  of  the  bird.  Inspecting 
Hb  contents,  we  find  -till  lens  reason,  if  possible,  to  look 
for  the  result  which  actually  takes  place.  If  we  should 
go  so  far  as,  from  the  appearance  of  oilier  ami  distinc- 
tion in  the  disp^-;: -o  <.;'  i i n.-  liquid  sul?  unices  which  b 
noticed  in  the  egg,  to  guess  that  it  might  ho  diwiu-niid 
for  the  abode  and  nutriment  of  an  animal  (which  would 
be  a  very  bold  hypothesis),  wo  should  expect  a  tadpole 
dabbling  in  the  slime,  much  more  than  a  dry,  winged, 
feathered  creatine.  a  compound  uf  [juris  and  pi'<.>|wi'ties 
impossible  to  be  used  in  a  state  of  confinement  in  the 
egg,  and   bearing   no   conceivable   relation,   citber   in 

Siality  or  material,  to  invLiiiuL'  niiservcd  in  it.  From 
e  white  of  an  eg<?,  would  isriy  one  look  for  the  feather 
of  a  goldfinch  ?  or  espeet  tioui  a  simple  uniform  muci- 
lage the  most  complicated  of  ;dl  machines,  the  most  di- 
versified of  all  collections  of  substances?  Nor  would 
the  process  of  incubation ,  I'dr  some  time  at  least,  lead  us 
to  suspect  the  event.  Who  linii  .-aw  red  -freaks  shoot- 
ing in  the  fine  ineniln  Co  ■  widen  divide;-  tile  v.  !,ue  from 
the  yolk  would  suppose  that  these  were  about  to  become 
bones  and  limbs?  Who  that  espied  two  discoloured 
points  first  makim;  their  appearance  in  the  cicatrix, 
would  have  had  I  lie  (mirage  tu  predict  that  these  points 
were  to  grow  into  the  heart  and  head  of  a  bird  ?  It  is 
difficult  to  strip  the  mind  of  its  experience.  It  is  diffi- 
cult to  resuscitate  surprise  when  familiarity  has  once 
laid  the  sentiment  asleep.  But  could  wo  forget  all  that 
we  know,  and  which  our  sparrows  never  knew,  about 
oviparous  generation — could  we  divest  ourselves  of 
every  information  but  what  we  derived  from  reasoning 
upon  the  appearances  or  quality  discovered  in  the  ob- 
jects presented  to  us — lam  convinced  that  Harlequin 
coming  out  of  an  egg  upon  the  stage  h  not  more  asto- 
nishing to  a  child  i hun  the  hatching  or  a  chicken  boi  > 
would  be,  and  ought  to  l>e,  to  a  philosopher.' 
'  Tie  manner  in  which  the  chicken  breaks  the  egg  is  oat 
of  the  most  wonderful  operations  QiinSiiw^Buk-w  a^™a« 
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But  admit  the  sparrow  by  some  means  to  know  that 
within  that  egg  was  concealed  the  principle  of  a  future 
bird :  from  what  chemist  was  she  to  learn  that  warmth 
was  necessary  to  bring  it  to  maturity,  or  that  the  degree 
of  warmth  imparted  by  the  temperature  of  her  own  body 
was  the  degree  required  ? 

To  suppose,  therefore,  that  the  female  bird  acts  in 
this  process  from  a  sagacity  and  reason  of  her  own,  is  to 
suppose  her  to  arrive  at  conclusions  which  there  are  no 
premises  to  justify.  If  our  sparrow,  sitting  upon  her 
Bggs,  expect  young  sparrows  to  come  out  of  them,  she 
forms,  I  will  venture  to  say,  a  wild  and  extravagant  ex* 
pectation,  in  opposition  to  present  appearances  and  to 
probability.  She  must  have  penetrated  into  the  order 
>f  nature  farther  than  any  faculties  of  ours  will  carry  us  ; 
ind  it  hath  been  well  observed,  that  this  deep  sagacity, 
f  it  be  sagacity,  subsists  in  conjunction  with  great  stu- 
pidity, even  in  relation  to  the  same  subject.  "  A  che- 
mical operation,"  says  Addison,  "  could  not  be  followed 
rith  greater  art  or  diligence  than  is  seen  in  hatching  a 
shicken ;  yet  is  the  process  carried  on  without  the  least 
glimmering  of  thought  or  common  sense.  The  hen  will 
nistake  a  piece  of  chalk  for  an  egg — is  insensible  of  the 
ncrease  or  diminution  of  their  number — does  not  dis- 
inguish  between  her  own  and  those  of  another  species 

narked  by  the  uniformity  of  instincts.  For  as  all  bees  build 
dike  with  respect  to  the  size  of  the  cell  and  the  angles  at 
rhich  its  planes  are  inclined,  so  M.  Reaumur  found  mat  all 
shickens  chip  the  shell  in  the  same  direction,  from  left  to 
ight;  and  that  the  circle  in  which  tbey  chip  invariably 
tuts  the  egg  at  right  angles  to  its  transverse  axis,  and  not 
obliquely.  The  instrument  which  the  chicken  employs  is  a 
mall  protuberance  on  its  upper  mandible,  called  the  bill- 
vale,  which  has*  no  other  use,  and  accordingly  drops  off  soon 
,fter  the  bird  is  hatched.  If  any  one  should  consider  this  as 
,  different  operation  in  kind  from  those  usually  ascribed  to 
nstinct  in  animals  that  are  formed,  a  little  reflection  will 
Tobably  show  him  the  impossibility  of  drawing  any  «u.<& 
ine  of  distinction.  See  the  Dissertation  on.  \usfrncX,  k^- 
endix. 
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— is  frightened  when  her  supposititious  breed  of  duck- 
lings take  the  water." 

But  it  will  be  said,  that  what  reason  could  not  do  for 
the  bird,  observation,  or  instruction,  or  tradition  might. 
Now  if  it  be  true  that  a  couple  of  sparrows,  brought  up 
from  the  first  in  a  state  of  separation  from  all  other  birds, 
would  build  their  nest,  and  brood  upon  their  eggs,  then 
there  is  an  end  of  this  solution.  What  can  be  the  tra- 
ditionary knowledge  of  a  chicken  hatched  in  an  oven  ?  * 

Of  young  birds  taken .  in  their  nests,  a  few  species 
breed  when  kept  in  cages  ;  and  they  which  do  so  build 
their  nests  nearly  in  the  same  manner  as  in  the  wild 
state,  and  sit  upon  their  eggs.  This  is  sufficient  to  prove 
an  instinct  without  having  recourse  to  experiments  upon 
birds  hatched  by  artificial  heat,  and  deprived  from  their 
birth  of  all  communication  with  their  species ;  for  we 
can  hardly  bring  ourselves  to  believe  that  the  parent 
bird  informed  her  unfledged  pupil  of  the  history  of  her 
gestation,  her  timely  preparation  of  a  nest,  her  exclu- 
sion of  the  eggs,  her  long  incubation,  and  of  the  joyful 
eruption  at  last  of  her  expected  offspring  :  all  which  the 
bird  in  the  cage  must  have  learnt  in  her  infancy  if  we 
resolve  her  conduct  into  institution. 

Unless  we  will  rather  suppose  that  she  remembers  her 
own  escape  from  the  egg — had  attentively  observed  the 
conformation  of  the  nest  in  which  she  was  nurtured — ' 
and  had  treasured  up  her  remarks  for  future  imitation ; 
which  is  not  only  extremely  improbable,  (for  who  that 
sees  a  brood  of  callow  birds  in  their  nest  can  believe  that 
they  are  taking  a  plan  of  their  habitation  ?)  but  leaves 
unaccounted  for  one  principal  part  of  the  difficulty,  "  the 
preparation  of  the  nest  before  the  laying  of  the  egg" 
This  she  could  not  gain  from  observation  in  her  infancy. 

It  is  remarkable  also,  that  the  hen  sits  upon  eggs 
which  she  has  laid  without  any  communication  with  the 
male,  and  which  are  therefore  necessarily  unfruitful* 
That  secret  she  is  not  let  into.  Yet  if  incubation  had 
been  a  subject  of  instruction  or  of  tradition,  it  should 
seem  that  this  distinction  would  have  formed  part  of  the 
lesson  :  whereas  the  instinct  of  natos  \a  c&o>atate&f<cir  a 
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of  nature — the  exception  here  alluded  to  taking 
chiefly,  if  not  solely,  amongst  domesticated  fowls, 
tich  nature  is  forced*  out  of  her  course, 
ere  is  another  case  of  oviparous  economy,  which  is 
less  likely  to  be  the  effect  of  education  than  it  is 
in  birds,  namely,  that  of  moths  and  butterflies, 
1  deposit  their  eggs  in  the  precise  substance — that 
abbage  for  example — from  which,  not  the  butterfly 
If,  but  the  caterpillar  which  is  to  issue  from  her 
draws  its  appropriate  food.  The  butterfly  cannot 
the  cabbage :  cabbage  is  no  food  for  her ;  yet  in 
ibbage,  not  by  chance,  but  studiously  and  electively, 
ays  her  eggs.  There  are,  amongst  many  other 
,  the  willow-caterpillar  and  the  cabbage-caterpillar ; 
e  never  find  upon  a  willow  the  caterpillar  which 
he  cabbage,  nor  the  converse.  This  choice,  as  ap- 
to  me,  cannot  in  the  butterfly  proceed  from  in- 
ion.  She  had  no  teacher  in  her  caterpillar  state, 
never  knew  her  parent.  I  do  not  see,  therefore, 
cnowledge  acquired  by  experience,  if  it  ever  were 
could  be  transmitted  from  one  generation  to  an- 
There  is  no  opportunity  either  for  instruction 
itation.  The  parent  race  is  gone  before  the  new 
is  hatched.  And  if  it  be  original  reasoning  in  the 
•fly,  it  is  profound  reasoning  indeed.  She  must 
nber  her  caterpillar  state,  its  tastes  and  habits,  of 
i  memory  she  shows  no  signs  whatever.  She  must 
ide  from  analogy  (for  here  her  recollection  cannot 
her),  that  the  little  round  body  which  drops  from 
bdomen  will  at  a  future  period  produce  a  living 
tre,  not  like  herself,  but  like  the  caterpillar  which 
imembers  herself  once  to  have  been.  Under  the 
rice  of  these  reflections,  she  goes  about  to  make, 
iion  for  an  order  of  things  which  she  concludes  will 
time  or  other  take  place.  And  it  is  to  be  observed, 
ot  a  few  out  of  many,  but  that  all  butterflies  argue 
all  draw  this  conclusion ;  all  act  upon  it. 
:  supposo  the  address,  and  the  selection,  atvd  t\u& 
which  we  perceive  in  the  preparations  ^YCy&v 
irrational  animals  make  for  their  young,  to  \» 
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,ie  probable  origin,  still  there  is  left  to 

that  which  is  the  source  and  foundation 

nena,  that  which  sets  the  whole  at  work,  t 

wrental  affection,  which  I  contend  to  be  i 

ipon  any  other  hypothesis  than  that  of  i 

hall  hardly,  I  imagine,  in  brutes,  refer  thi 
wards  their  offspring  to  a  sense  of  duty  or 
.  care  of  reputation,  a  compliance  with  pub] 
with  public  laws,  or  with  rules  of  life  built  up 
perienco  of  their  utility.     And  all  attempts 
for  the  parental  affection  from  association, 
il.     With  what  is  it  associated  ?     Most  imm 
A-ith  the  throes  of  parturition,  that  is,  with  pal 
or,  and  disease.    The  more  remote,  but  not  k 
association,  that  which  depends  upon  analogy, 
nst  it.     Everything  else  which  proceeds  from  tl 
s  cast  away  and  rejected.     In  birds  is  it  the  es 
the  hen  loves  ?  or  is  it  the  expectation  which  si 
>hes  of  a  future  progeny  that  keeps  her  upon  h 
i    What  cause  has  she  to  expect  delight  from  h 
eny?     Can  any  rational  answer  be  given  to  tf 
tion,  why,  prior  to  experience,  the  brooding  b 
dd  look  for  pleasure  from  her  chickens  ?     It  d 

I  think,  appear  that  the  cuckoo  ever  knows 
og ;  yet,  in  ner  way,  she  is  as  careful  in  making 
>n  for  them  as  any  other  bird.  She  does  not  1 
egg  in  every  hole. 

'he  salmon  suffers  no  surmountable  obstacle  to  c 
progress  up  the  stream  of  fresh  rivers.     And 
i  she  do  there  ?    She  sheds  a  spawn,  which  sr 
iatcly  quits  in  order  to  return  to  the  sea ;  ar 
e  of  her  body  she  never  afterwards  recognizes 
>e  whatever.     Where  shall  we  find  a  motive 
rts  and  her  perseverance?     Shall  we  seek 
ltation  or  in  instinct  ?     The  violet  crab  of 
•  fetigTHTg  march  of  some  months'  cor 
to  the  sea-side.     When  sh< 
bar  spawn  into  the  open 
hone. 
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cloths  and  butterflies,  as  hath  already  been  observed, 
t  out  for  their  eggs  those  precise  situations  and  sub** 
kces  in  which  the  offspring  caterpillar  will  find  its 
•ropriate  food.    That  dear  caterpillar  the  parent  but- 
ly  must  never  see.     There  are  no  experiments  to 
ve  that  she  would  retain  any  knowledge  of  it  if  she 
How  shall  we  account  for  her  conduct  ?     I  do  not 
in  for  her  art  and  judgment  in  selecting  and  securing 
aintenance  for  her  young,  but  for  the  impulse  upon 
ch  she  acts.     What  should  induce  her  to  exert  any 
or  judgment,  or  choice,  about  the  matter  ?    The  un- 
closed grub,  the  animal  which  she  is  destined  not  to 
w,  can  hardly  be  the  object  of  a  particular  affection, 
e  deny  the  influence  of  instinct.     There  is  nothing, 
*efore,  left  to  her,  but  that  of  which  her  nature  seems 
ipable,  an  abstract  anxiety  for  the  general  preserva- 
of  the  species — a  kind  of  patriotism — a  solicitude 
the  butterfly  race  should  cease  from  the  creation. 
*astly}  the  principle  of  association  will  not  explain  the 
ontinuance  of  the  affection  when  the  young  animal 
rrown  up.     Association  operating  in  its  usual  way 
ild  rather  produce  a  contrary  effect.     The  object 
tld   become  more  necessary  by  habits  of  society  'r 
jreas  birds  and  beasts,  after  a  certain  time,  banish; 
r  offspring,  disown  their  acquaintance,  seem  to  have 
1  no  knowledge  of  the  objects  which*  so  lately  en- 
ised  the  attention  of  their  minds  and  occupied  the  * 
istry  and  labour  of  their  bodies.    This  change,  in 
jrent  animals,  takes  place  at  different  distances  of 
5  from  the  birth ;  but  the  time  always  corresponds 
1  the  ability  of  the  young  animal  to  maintain  itself, 
sr  anticipates  it.     In  the  sparrow  tribe,  when  it  ti 
jeived  that  the  young  brood  can  fly  and  shift  for 
nselves,  then  the  parents  forsake  them  for  ever ;  and, 
igh  they  continue  to  live  together,  pay  them  no  more 
ation  than  they  do  to  other  birds  in  the  same  flock.* 
dieve  the  same  thing  is  true  of  all  gregarious  qua- 
>eds.fi 

*  Goldsmith's  Natural  History,'  vol.  W.  p.  ^44. 
la  the  natural  and  instinctive  feelings  of  m*a,  aa  w^ 
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In  this  part  of  the  case  the  variety  of  resources,  expe- 
dients, and  materials  which  animals  of  the  same  species 
are  said  to  have  recourse  to  under  different  circumstances, 
and  when  differently  supplied,  makes  nothing  against 
the  doctrine  of  instincts.  The  thing  which  we  want  to 
account  for  is  the  propensity.  The  propensity  being 
there,  it  is  probable  enough  that  it  may  put  the  animal 
upon  different  actions  according  to  different  exigencies. 
And  this  adaptation  of  resources  may  look  like  the  effect 
of  art  and  consideration  rather  than  of  instinct ;  but  still 
the  propensity  is  instinctive.  For  instance,  suppose 
what  is  related  of  the  woodpecker  to  be  true,  that  in 
Europe  she  deposits  her  eggs  in  cavities  which  she  scoops 
out  in  the  trunks  of  soft  or  decayed  trees,  and  in  which 
cavities  the  eggs  lie  concealed  from  the  eye,  and  in 
some  sort  safe  from  the  hand  of  man,  but  that,  in  the 
forests  of  .Guinea  and  the  Brazils,  which  man  seldom 
frequents,  the  same  bird  hangs  her  nest  on  the  twigs  of 
tall  trees,  thereby  placing  them  out  of  the  reach  of 
monkeys  and  snakes — i.  e.,  that  in  each  situation  she  pre- 
pares against  the  danger  which  she  has  most  occasion  to 
apprehend.  Suppose,  I  say,  this  to  be  true,  and  to  be 
alleged,  on  the  part  of  the  bird  that  builds  these  nests, 
as  evidence  of  a  reasoning  and  distinguishing  precaution : 
still  the  question  returns,  whence  the  propensity  to 
build  at  all?  • 

Nor  does  parental  affection  accompany  generation  by 
any  universal  law  of  animal  organization,  if  such  a  thing 
were  intelligible.  Some  animals  cherish  their  progeny 
with  the  most  ardent  fondness,  and  the  most  assiduous 

tradistinguished  from  those  which  have  been  modified  by 
reason,  something  of  the  same  kind  may  be  observed.  The 
mutual  relation  of  protection  and  dependence,  produced  by 
power  and  weakness,  is  of  this  description.  A  helpless  in- 
fant excites  much  stronger  sympathy  in  the  mother  than  the 
child  that  can  shift  for  itself;  and  hence  the  partiality,  ac- 
companied by  blindness  to  defects,  which  most  parents  en- 
tertain towards  children  whose  natural  deficiency,  whether 
bodily  or  mental,  throws  them  on  their  care  long  after  the 
season  of  infancy. 
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attention ;  others  entirely  neglect  them ;  and  this  dis- 
tinction always  meets  the  constitution  of  the  young  ani- 
mal with  respect  to  its  wants  and  capacities.     In  many, 
the  parental  care  extends  to  the  young  animal ;  in  others, 
as  in  all  oviparous  fish,  it  is  confined  to  the  egg,  and 
even  as  to  that,  to  the  disposal  of  it  in  its  proper  ele- 
ment.    Also,  as  there  is  generation  without  parental 
affection,  so  is  there  parental  instinct,  or  what  exactly 
resembles  it,  without  generation.     In  the  bee  tribe,  the 
rrab  is  nurtured  neither  by  the  father  nor  the  mother, 
rat  by  the  neutral  bee.     Probably  the  case  is  the  same 
vith  ants. 

I  am  not  ignorant  of  the  theory  which  resolves  in- 
duct into  sensation,  which  asserts  that  what  appears  to 
tave  a  view  and  relation  to  the  future,  is  the  result  only 
f  the  present  disposition  of  the  animal's  body,  and  of 
leasure  or  pain  experienced  at  the  time.  Thus  the  in- 
ubation  of  eggs  is  accounted  for  by  the  pleasure  which 
ie  bird  is  supposed  to  receive  from  the  pressure  of  the 
mooth  convex  surface  of  the  shells  against  the  abdomen, 
r  by  the  relief  which  the  mild  temperature  of  the  egg 
lay  afford  to  the  heat  of  the  lower  part  of  the  body, 
'hich  is  observed  at  this  time  to  be  increased  beyond  its 
3ual  state.  This  present  gratification  is  the  only  mo- 
ve with  the  hen  for  sitting  upon  her  nest ;  the  hatching 
f  the  chickens  is,  with  respect  to  her,  an  accidental 
Dnsequence.  The  affection  of  viviparous  animals  for 
leir  young  is  in  like  manner  solved  by  the  relief,  and 
erhaps  the  pleasure,  which  they  perceive  from  giving 
ick.  The  young  animal's  seeking,  in  so  many  in- 
ances,  the  teat  of  its  dam,  is  explained  from  its  sense 
*  smell,  which  is  attracted  by  the  odour  of  milk.  The 
ilmon's  urging  its  way  up  the  stream  of  fresh-water 
vers  is  attributed  to  some  gratification  or  refreshment 
hich,  in  this  particular  state  of  the  fish's  body,  she  re- 
•ives  from  the  change  of  element.  Now  of  this  theory 
may  be  said, — 

First,  that  of  the  cases  which  require  solution,  there 
e  few  to  which  it  can  be  applied  with  toVetaYta  ^"wtofc- 
tity;  that  there  are  none  to  which  it  caw  be  v*^\s& 
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without  strong  objections;  furnished  by  the  circumstances 
of  the  case.  The  attention  of  the  cow  to  its  calf,  and 
of  the  ewe  to  its  lamb,  appear  to  be  prior  to  their  smit- 
ing. The  attraction  of  the  calf  or  lamb  to  the  teat  of 
tile  dam,  U  not  ox  plained  by  simply  referring  it  to  the 
■ense  of  smell.  What  made  the  scent  of  milk  ao  agree- 
able to  the  lamb  that  it  should  follow  ii.  up  with  its  nose, 
or  seek  with  its  mouth  the  place  from  which  it  proceeded? 
No  observation,  no  experience,  no  uryuiucul  ■  ■■  -llI l1  fencii 
the  new-dropped  animal  that  the  substance  from  n-Jik'ii 
the  scent  issued  was  the  material  of  its  food.  I  "  ' 
never  tasted  milk  before  its  birth.  None  of  the  an 
which  are  not  designed  lor  that  nourishment  ever 
to  suck,  or  to  pork  "lit  any  such  food.  What  is  the  con- 
clusion, but  that.  tli«  sugoseont  parts  of  animals  are 
fitted  for  their  use,  and  the  knowledge  of  that  use  put 
into  them  ? 

We  assert,  secondly,  that,  even  as  to  the  cases  ia 
which  the  hypothesis  has  the  fairest  claim  to  considera- 
.  tion,  it  does  ni>t  at  all  lessen  the  force  of  the  argument 
for  intention  and  design.  The  doctrine  of  instinct  il 
that  of  appetencies,  sujieradded  to  the  constitution  of  an 
animal,  for  flu;  effectuating  of  a  purpose  beneficial  to 
the  species.  The  above-stated  solution  would  derive 
these  appetences  from  or^ani/ation ;  but  then  this  or- 
ganization is  net  h': ■■-;  .specifically,  not  less  precisely, 
therefore,  not  less  evidently  adapted  to  the  same  endi 
than  the  appetiiu-ic*  themselves  would  be  upon  the  old 
hypothesis.  In  this  way  of  considering  the  subject, 
sensation  supplies  the  place  of  foresight :  hut  this  is  the 
effect  of  contrivance  on  the  part  of  the  Creator.  Letit 
be  allowed,  for  example,  that  the  hen  is  induced  to 
brood  upon  her  ('jigs  by  she  enjoyment  or  relief  which, 
in  the  heated  state  of  her  abdomen,  she  expcriencM 
from  the  pressure  of  round  smooth  surfaces,  or  from  tin 
application,  of  a  tcmpi.rate  warmth.  How  cornea  tfail 
extraordinary  heat,  or  itching,  otr  call  it  what  you  wity 
which  you  suppose  k>  b  flic  cause  of  tho  bird's  inclina- 
tion, to  be  felt  j::-.  at  ll.e  time  when  tin  inrliniui'  .n  itself 
it  wanted:  when  it  tallies  bo  exactly  with  the  intemtl 
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constitution  of  the  egg,  and  with  the  help  which  that 
constitution  requires  m  order  to  bring  it  to  maturity  ? 
In  my  opinion,  this  solution,  if  it  be  accepted  as  to  the 
fact,  ought  to  increase,  rather  than  otherwise,  our  admi- 
ration of  the  contrivance.6    A  gardener  lighting  up  his 

6  Whether  we  regard  the  argument  of  existence,  or  of 
attributes,  the  truth  here  glanced  at  is  of  extreme  importance, 
and  it  pervades  the  whole  of  'Natural  Theology.  It  will  be 
more  fully  illustrated  in  the  Appendix,  and  in  the  notes  to 
the  subsequent  chapters.  When  sceptics  think  they  have 
destroyed  one  reason  for  believing  in  the  skill  or  in  the  good- 
ness of  the  Deity,  by  an  explanation  of  the  means  used  for 
producing  some  given  effect,  they  only  remove  our  admi- 
ration and  our  gratitude  from  one  point  to  another,  and  often 
augment  both  the  one  and  the  other.  Suppose  it  were  dis- 
covered, contrary  to  all  probability,  that  the  bee  makes  the 
angles  of  109°  28'  and  70°  32'  by  means  of  some  bodily  con- 
formation which  secures  this  result, — some  form  of  its  own 
ports  answering  to  those  angles,  if  such  a  thing  can  be  con- 
ceived ;  the  wonder  is  only  removed  from  the  working  of  the 
insect  without  a  tool  to  its  using  a  tool  provided  for  it  by  the 
intelligence  which  had  solved  the  problem  of  maxima  and 
minima,  whence  this  conformation  is  a  corollary.  Again, — 
the  loss  of  one  sense,  .as  the  sight,  quickens  our  perceptions 
through  the  organs  of  those  senses  which  remain, — as  touch 
and  hearing.  It  is  most  probable  that  this  effect  is  produced 
by  the  influence  of  habit,  and  has  no  direct  connexion  with 
■the  loss  sustained.  But  habit  might  have  had  no  such  effect, 
and  it  might  have  blunted  instead  of  sharpening ;  its  effect 
tends  to  lessen  the  evil  of  the  loss  sustained ;  and  it  produces 
this  advantage  just  as  much  as  if  the  compensation  had  been 
the  direct  and  immediate  consequence  of  that  loss.  We  are 
not  here  arguing  the  question  of  evil :  that  will  be  treated 
of  hereafter,  and  it  is  common  to  both  suppositions;  both  to 
the  case  of  immediate  and  of  mediate  compensation.  Again, 
-—suppose,  in  generalizing,  we  could  resolve  all  intellectual 
phenomena  into  some  one  principle,  as  association, — all 
moral  into  some  other,  as  habit, — all  physical  in£o  some 
third,  as  gravitation ; — nay,  suppose  the  doctrines  of  some 
materialists  to  prevail,  and  that  all  mental  and  all  physical 
phenomena  were  resolvable  into  the  operations  oi  rom&  sob* 
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stoves,  just  when  he  wants  to  force  his  fruit,  and  when 
his  trees  require  the  heat,  gives  not  a  more  certain  evi- 
dence of  design.  So  again  ;  when  a  male  and  female 
sparrow  come  together,  they  do  not  meet  to  confer  upon 
the  expediency  of  perpetuating  their  species.  As  an 
abstract  proposition,  they  care  not  the  value  of  a  barley- 
corn whether  the  species  be  perpetuated,  or  not :  they 
follow  their  sensations,  and  all  those  consequences  ensue 
which  the  wisest  counsels  could  have  dictated,  which 
the  most  solicitous  care  of  futurity,  which  the  most 
anxious  concern  for  the  sparrow-world,  could  have  pro- 
duced. But  how  do  these  consequences  ensue  ?  The 
sensations,  and  the  constitution  upon  which  they  de- 
pend, are  as  manifestly  directed  fo  the  purpose  which 
we  see  fulfilled  by  them ;  and  the  train  of  intermediate 
effects  as  manifestly  laid  and  planned  with  a  view  to  that 
purpose  :  that  is  to  say,  design  is  as  completely  evinced 
by  the  phenomena,  as  it  would  be,  even  if  we  suppose 
the  operations  to  begin  or  to  be  carried  on,  from  what 
some  will  allow  to  be  alone  properly  called  instincts, 
that  is',  from  desires  directed  to  a  future  end,  and  having 
no  accomplishment  or  gratification  distinct  from  the  at- 
tainment of  that  end. 

In  a  word :  I  should  say  to  the  patrons  of  this  opinion, 
Be  it  so ;  be  it  that  those  actions  of  animals  which  we 
refer  to  instinct  are  not  gone  about  with  any  view  to 
their  consequences,  but  that  they  are  attended  in  the 
animal  with  a  present  gratification,  and  are  pursued  for 
the  sake  of  that  gratification  alone  ;  what  does  all  this 
prove,  but  that  the  prospection,  which  must  be  some- 
where, is  not  in  the  animal,  but  in  the  Creator  ? 

In  treating  of  the  parental  affection  in  brutes,  our 
business  lies  rather  witn  the  origin  of  the  principle,  than 

tile  fluid, — this  would  surely  not  weaken  the  arguments  fbr 
the  unity  of  the  Deity,  if  indeed  it  did  not  rather  strengthen 
them ;  ft  would  in  no  degree  detract  from  our  conviction  of 
his  skill,  nor  even  of  the  variety  of  its  operations ;  and  it 
would  leave  the  argument  as  to  goodness  exactly  where  it 
stood  before.— See  Appendix,  Dissertation  upon  Evil. 
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with  the  effects  and  expressions  of  it.     Writers  recount 
these  with  pleasure  and  admiration.     The  conduct  of 
many  kinds  of  animals  towards  their  young  has  escaped 
no  observer,  no  historian  of  nature.     "  How  will  they 
caress  them,"  says  Derham,   "  with  their  affectionate 
notes ;  lull  and  quiet  them  with  their  tender  parental' 
voice;  put  food  into  their  mouths;  cherish  and  keep 
them  warm ;  teach  them  to  pick,  and  eat,  and  gather 
food  for  themselves ;  and,  in  a  word,  perform  the  part 
of  so  many  nurses,  deputed  by  the  Sovereign  Lord  and  . 
Preserver  of  the  world  to  help  such  young  and  shiftless 
creatures ! "    Neither  ought  it,  under  this  head,  to  be 
forgotten  how  much  the  instinct  costs  the  animal  which 
feels  it ;  how  much  a  bird,  for  example,  gives  up  by  sit- 
ting upon  her  nest ;  how  repugnant  it  is  to  her  organi- 
zation, her  habits,  and  her  pleasures.   An  animal,  formed 
for  liberty,  submits  to  confinement  in  the  very  season 
when  everything  invites  her  abroad :  what  is  more,  an 
animal  delighting  in  motion,  made  for  motion,  all  whose 
motions  are  so  easy,  and  so  free,  hardly  a  moment,  at 
other  times,  at  rest,  is,  for  many  hours  of  many  days 
together,  fixed  to  her  nest,  as  close  as  if  her  limbs  were 
tied  down  by  pins  and  wires.     For  my  part,  I  never  see 
a  bird  in  that  situation  but  I  recognize  an  invisible  hand, 
detaining  the  contented  prisoner  from  her  fields  and 
groves,  for  the  purpose,  as  the  event  proves,  the  most 
worthy  of  the  sacrifice,  the  most  important,  the  most 
beneficial. 

But  the  loss  of  liberty  is  not  the  whole  of  what  the 
procreant  bird  suffers.  Harvey  tells  us  that  he  has  often 
found  the  female  wasted  to  skin  and  bone  by  sitting 
upon  her  eggs. 

One  observation  more,  and  I  will  dismiss  the  subject. 
The  pairing  of  birds,  and  the  non-pairing  of  beasts, 
forms  a  distinction  between  the  two  classes,  which  shows 
that  the  conjugal  instinct  is  modified  with  a  reference  to 
utility  founded  on  the  condition  of  the  offspring.  In 
quadrupeds,  the  young  animal  draws  its  nutruosnA.  iram 
tne  body  of  the  dam.    The  male  parent  TteVitaer  fafe* 
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nor  can  contribute  any  part  to  its  sustentation.  In  the 
winged  race,  the  young  bird  is  supplied  by  an  importa- 
tion of  food,  to  procure  and  bring  home  which,  in  a 
sufficient  quantity  for  the  demand  of  a  numerous  brood, 
requires  the  industry  of  both  parents.  In  this  differ- 
ence, we  see  a  reason  for  the  vagrant  instinct  of  the 
quadruped,  and  for  the  faithful  love  of  the  feathered 
mate. 
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CHAPTER  XIX. 

OF   INSECTS. 

Wb  are  not  writing  a  system  of  natural  history  ;  there 
fore  we  have  not  attended  to  the  classes  into  which  th< 
subjects  of  that  science  are  distributed.-  What  we  hai 
to  observe  concerning  different  species  of  animals,  fel 
easily,  for  the  most  part,  within  the  divisions  which  th< 
course  of  our  argument  led  us  to  adopt.  There  remain 
however,  some  remarks,  upon  the  insect  tribe,  whicl 
could  not  properly  be  introduced  under  any  of  thea 
heads ;  ana  wnich  therefore  we  have  collected  into  ; 
chapter  by  themselves. 

The  structure,  and  the  use  of  the  parts,  of  insects,  ar< 
less  understood  than  that  of  quadrupeds  and  birds,  no 
only  by  reason  of  their  minuteness,  or  the  minuteness  o 
their  parts  (for  that  minuteness  we  can,  in  some  measure 
ibllow  with  glasses),  but  also  by  reason  of  the  remotenes 
of  their  manners  and  modes  of  life  from  those  of  large 
animals.  For  instance :  Insects,  under  all  their  varietie 
of  form,  are  endowed  'with  antenrue,i  which  is  the  nam< 

7  The  most  scientific  entomologists  consider  the  antenns 
of  insects  to  be  organs  of  hearing ;  this  is  the  opinion  o 
those  who  have  minutely  examined  their  structure ;  wherea 
leery  many  entomologists  contend  that  the  antennae  are  or 
gans  of  feeling,  observing  that  many  insects  are  constants 
touching  surrounding  objects  with  them,  such  as  the  be 
tribe,  ichneumonidae,  &c  The  argument  used  against  th 
latter  opinion  is,  that  although  many  insects  do  undoubtedl; 
touch  surrounding  objects  with  their  antennae,  yet  man' 
•erapulously  avoid  so  doing,  such  as  the  butterfly  and  mot] 
tribe,  the  Lamellicorn  beetles,  &c.  When,  howeNec,  - 
osksd  the  question,  what  is  hearing  as  dis&ngptf&i 
feeling,  we  find  it  difficult  to  draw  any  line,    to* 
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given  to  those  long  feelers  that  rise  from  each  side  o: 
the  head :  but  to  what  common  use  or  want  of  the  in- 
sect kind  a  provision  so  universal  is  subservient  has  not 
et  been  ascertained ;  and  it  has  not  been  ascertained, 
cause  it  admits  not  of  a  clear,  or  very  probable,  com- 
parison with  any  organs  which  we  possess  ourselves,  or 
with  the  organs  of  animals  which  resemble  ourselves  in 
their  functions  and  faculties,  or  with  which  we  are  better 
acquainted  than  we  are  with  insects.  We  want  a  ground 
of  analogy.  This  difficulty  stands  in  our  way  as  to  some 
particulars  in  the  insect  constitution,  which  we  might 
wish  to  be  acquainted  with.  Nevertheless,  there  are 
many  contrivances  in  the  bodies  of  insects,  neither 
i'  jus  in  their  use  nor  obscure  in  their  structure,  and 
l  jst  properly  mechanical.  These  form  parts  of  our 
argument. 

I.  The  elytra,  or  scaly  wings  of  the  genus  of  scara- 
bfeiis  or  beetle,  furnish  an  example  of  this  kind.  The 
true  wing  of  the  animal  is  a  light,  transparent  membrane, 
finer  than  the  finest  gauze,  and  not  unlike  it.  It  is  also, 
when  expanded,  in  proportion  to  the  size  of  the  animal, 
very  large.  In  order  to  protect  this  delicate  structure, 
and,  perhaps,  also  to  preserve  it  in  a  due  state  of  sup» 
pleness  and  humidity,  a  strong,  hard  case  is  given  to  & 
in  the  shape  of  the  horny  wing  which  we  call  the  ely- 
tron. When  the  animal  is  at  rest,  the  gauze  wings  Be 
folded  up  under  this  impenetrable  shield.  When  the 
beetle  prepares  for  flying,  he  raises  the  integument,  and 
spreads  out  his  thin  membrane  to  the  air.  And  it  can- 
not be  observed  without  admiration,  what  a  tissue  ol 
cordage,  I,  e.,  of  muscular  tendons,  must  run  in  varionl 
and  complicated,  but  determinate  directions,  along  thu 
fine   surface,  in  order   to  enable  the  animal,  either  to 

mere  modifications  of  the  same  thing  ?  and  as  the  antenna] 
of  insects  are  so  exceedingly  variable  in  form,  may  thq 
not  be  used  as  organs  of  touch  in  some,  and  of  hearing  a 
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hath  given  to  them ;  or  to  expand  again  their  folds 
when  wanted  for  action. 

In  some  insects  the  elytra  cover  the  whole  body  ;8 
in  others,  half;  in  others  only  a  small  p»?t  of  it  ;9  but  in 
all a10  they  completely  hide  and  cover  the  true  wings. 
Also, 

Many  or  most  of  the  beetle  species  lodge  in  holes  in 
the  earth,  environed  by  hard,  rough  substances,  and  have 
frequently  to  squeeze  their  way  through  narrow  pas- 
sages ;  in  which  situation,  wings  so  tender,  and  so  large, 
could  scarcely  have  escaped  injury,  without  both  a  firm 
covering  to  defend  them,  and  the  capacity  of  collecting 
themselves  up  under  its  protection.11 


i.i' 


8  From  this  circumstance  beetles  (the  tribe  of  insect.  ( j 
which  the  above  description  applies)  nave  received  the  nanfe 
of  Coleopterdy  from  two  Greek  words  signifying  sheath  and 
wing. 

9  A  tribe  of  insects  called  the  Brachelytra  (or  Staphy- 
linus  of  Linnaeus)  possess  wing-cases  of  this  description. 

10  These  are  exceptions.  In  the  genera  Molorchus,  SitarU 
(and  others  might  be  enumerated  among  the  beetle  tribe), 
the  wing-cases  are  small  and  narrow,  and  leave  the  wings 
exposed.  The  species  of  the  genus  Molorchus,  however,  do 
not  require  such  protection  for  their  wings,  since  they  live 
in  flowers.  The  habits  of  the  Sitaris  are  not  so  well  known ; 
they  are  said  to  live  in  the  nests  of  certain  species  of  bees. 

In  the  earwig  the  elytra  do  not  entirely  cover  the  wings ; 
bat  the  portion  of  the  wing  exposed  is  of  a  hornlike  substance, 
like  the  elytra,  whilst  the  remaining  part  of  the  wing  is  ex- 
tremely delicate. 

11  A  tribe  of  beetles,  coming  under  the  generic  name  of 
Muter,  forms  a  good  illustration  of  this  mode  of  existence: 
in  these  insects  the  elytra  are  remarkably  hard. 

The  species  of  the  genus  Hister  possess  remarkable  ana- 
logical resemblances  to  tortoises,  which  have  somewhat  similar 
habits :  like  them,  they  are  exceedingly  hard,  of  an  oval 
shape,  and  have  the  power  of  retracting  the  head  beneath  a 
horny  covering;  they  are  slothful,  and  very  strong,  and 
harrow  in  the  ground  by  means  of  their  fore  legs. 

A  great  analogical  resemblance  also  exists  \* 
insect  caMed  the  mole-cricket  and  the  mole,  thevr 
being  similar, 
vol.  m. 


MATOBAL  THEOLOGY. 


II.  AnotheT  contrivance,   equally    mechanical, 
equally  clear,  is  the  awl,  or  borer,  fixed  at  the  ta 


various  species  of  flies  ;  and  with  which  they  picn 
some  cases,  plants  ;  in  others,  wood  ;  in  others,' 
skin  and  flesh  of  animals;  in  others,  the  coat  o 
chrysalis  of  insects  of  a  different  species  from  their  i 

11  Almost  every  caterpillar  (perhaps,  without  usee: 
has  its  peculiar  parasites  among  the  ichneomonidtc,  a  t 
ent  tribe  of  insects :  the  same  ichneumon  almost  iuvai 
choosing  the  same  caterpillar  to  deposit  its  eggs  upon  < 
and  as  the  situations  in  which  different  caterpillars  fet 
very  various,  so  is  the  structure  of  their  parasites.  Th 
neumous  which  infest  internal  feeding  caterpillars  i 
such  as  feed  in  the  trunk  of  a  tree,  or  the  stem  of  a  ] 
are  furnished  with  long  ovipositors  to  enable  them  to 
the  caterpillar  through  some  hole  or  chink  where  they 
selves  cannot  get 

Even  the  ichneumons  are  not  free  from  parasites.  ' 
are  instances  where  four  or  five  different  parasitical  i: 
have  been  found  in  the  same  chrysalis  (as  that  of  the  7 
osoina  leitcerum,  a  saw-fly),  each  one  feeding  upon  the  < 
Thus  several  larvte  of  an  ichneumon  may  be  found  fe 
npon  the  inside  of  a  chrysalis ;  and  when  these  larvte 
into  pupa)  or  chrysalides,  some  of  the  chalcididas,  a  i 
ent  tribe  of  flies,  will  feed  upon  them,  and  even  some 
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and  in  others,  even  lime,  mortar,  and  stone.13    I  need 
not  add,  that  having  pierced  the  substance,  they  deposit 
their  eggs  in  the  hole.     The  descriptions  which  natu- 
ralists give  of  this  organ  are  such  as  the  following  : — It 
is  a  sharp-pointed  instrument,  which,  in  its  inactive 
state,  lies  concealed  in  the  extremity  of  the  abdomen, 
and  which  the  animal  draws  out  at  pleasure,  for  the  pur- 
pose of  making  a  puncture  in  the  leaves,  stem,  Or  bark, 
of  the  particular  plant  which  is  suited  to  the  nourish- 
ment of  its  young.  In  a  sheath,  which  divides  and  opens 
whenever  the  organ  is  used,  there  is  inclosed  a  compact, 
solid,  dentated  stem,  along  which  runs  a  gutter  or  groove, 
by  which  groove,  after  the  penetration  is  effected,  the 
egg,   assisted  in  some  cases  by  a  peristaltic  motion, 
passes  to  its  destined  lodgment.     In  the  oestrum  or  gad- 
fly, the  wimble14  draws  out  like  the  pieces  of  a  spy-glass : 
the  last  piece  is  armed  with  three  hooks,  and  is  able  to 
bore  through  the  hide  of  an  ox.     Can  any  thing  more  be 
necessary  to  display  the  mechanism,  than  to  relate  the 
fact? 

III.  The  stings 15  of  insects,  though  for  a  different 

purpose,  are,  in  their  structure,  not  unlike  the  piercer. 

The  sharpness   to  which  the  point  in  all  of  them  is 

wrought ;  the  temper  and  firmness  of  the  substance  of 

which  it  is  composed ;  the  strength  of  the  muscles  by 

which   it  is  darted  out,  compared   with  the  smallness 

and  weakness  ofthe  insect,  and  with  the  soft  and  friable 

texture  of  the  rest  of  the  body, — are  properties  of  the 

sting  to  be  noticed,  and  not  a  little  to  be  admired.     The 

•ting  of  sl  bee  will  pierce  through  a  goat-skin  glove.     It 

penetrates  the  human  flesh  more  readily  than  the  finest 

point  of  a  needle.     The  action  of  the  sting  affords  an 

18  There  is  not  any  accredited  instance  of  any  insects  per- 
forating so  hard  a  substance  as  stone,  with  the  '  awl  or  borer* 
Used  at  the  tail.  This  instrument,  technically  called  ovi- 
positor, is  excessively  variable  in  its  structure,  being  scarcely 
•like  in  any  two  species :  the  description  given  will  answer 
tor  that  of  the  saw-fly  (Tenihredo). 

J*  Wimble,  or  ovipositor. 

'*  The  stings  of  insects  are  also  used  as  ovipositor?,. 

c  % 
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example  of  the  union  of  chemistry  and  mechanism,  such 
as,  it'  it  be  not  a  proof  of  contrivance,  nothing  is.  First, 
as  to  the  chemistry :  how  highly  concentrated  must  be 
the  venom,  which,  in  so  small  a  quantity,  can  produce 
such  powerful  effects !  And  in  the  hoc  we  may  observe 
that  this  venom  is  made  from  lioney,  the  only  food  of  the 
insect,  but  the  last  material  from  which  I  should  have 
expected  that  tui  exalted  poison  could,  by  anv  process  or 
digestion  whatsoever,  havy  been  prepared,  "in  the  next 
place,  with  respect  to  the  mechanism,  the  sting  is  notB 
simple  but  a  compound  instrument.  The  visible  atng 
though  drawn  to  a  point  eiquisitely  sharp,  is  in  strict- 
ness only  a  sheath,  for,  near  to  the  extremity,  maybe 
perceived  by  the.  inioro.senpe  two  minute  orifices,  from 
which  orifices,  in  the  act  of  stinging,  and,  as  it  should 
seem,  alter  the  point  of  the  main  sting  has  buried  itself 
in  the  flesh,  arc  launched  out  two  subtile  rays,  which  may 
be  called  the  true  or  proper  stings,  as  being  those  throap 
which  the  poison  is  tnfnirl  into  the  puncture  already 
made  by  the  exterior  sting.  I  have  said  that  chemistry 
and  mechanism  are  here  mated:  by  which  observation! 
meant,  that  all  this  inacliiner1.'  woidd  lusve  l>eun  Useless, 
teltim  imbeSe,  if  a  supply  of  poison.,  intense  in  quality, 
in  proportion  to  the  smalincss  of  tlie  drop,  had  not  bee» 
furnished  to  it  by  the  chemical  elaboration  which  vn» 
carried  on  in  the  insect's  body  ;  and  that,  on  the  othsi 
hand,  the  poison,  the  result  of  this  process,  could  net 
have  attained  its  effect,  or  reached  its  enemy,  if,  wheuii 
was  collected  ot  the.  extremity  of  tie  abdomen,  it  hid 
not  found  there  a  machinery  fitted  to  conduct  it  to  dB 
external  situations  in  which  it  was  to  operate,  vii 

awl  to  bore  a  bole,  and  a  syringe  to   inject  the 

Yet  these  attributes,  thousii  combined  in   their  aetio", 

are  independent  in  their  origin.     The  venom  does  net 

breed  the  stint1 :  nor  dues  the  ptinj:  concoct  the  veo 

IV.  The  proboscis,'*  with  which  many  insects  ei 

"The  part  tilled  proboscis  in  the  bee  consists  of  an 
stalk,  or  tongue,  a  (Fie.  1).  and  four  lateral  pieces,  or 
tn-oof  n-hich  sprii!::  IVosii  tlse  I >:i?e,  and  two  have  their i__ 
near  the  middle.     The  apical  bait  ol  tiw  tfoWis,  tovxbuS 
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wed,  comes  next  in  order  to  be  considered.  It  is  a 
ye  attached  to  the  head  of  the  animal ;  in  the  bee,  it 
composed  of  two  pieces,  connected  by  a  joint :  for,  if 
were  constantly  extended,  it  would  be  too  much  ex- 
sed  to  accidental  injuries ;  therefore,  in  its  indolent 
te,  it  is  doubled  up  by  means  of  the  joint,  and  in  that 
3ition  lies  secure  under  a  scaly  pent-house.17  In  many 
jcies  of  the  butterfly,  the  proboscis,  when  not  in  use, 
roiled  up  like  a  watch-spring.  In  the  same  bee,  the 
)boscis  serves  the  office  of  the  mouth,  the  insect  hav- 
;  no  other  j18  and  how  much  better  adapted  it  is,  than 

rible,  rather  flat,  and  covered  with  minute  hairs :  it  is 
efly  this  part  of  the  proboscis  which  is  used  in  collecting 
icy.  Honey  is  not  sacked  up  as  is  generally  supposed, 
:  licked  up,  and  then  conveyed  to  the  oesophagus.  The 
r  lateral  pieces  when  closed  form  a  sheath  to  protect  the 
gue,  and  other  parts  of  the  central  stalk.  Fig.  2  rcpre- 
ts  the  profile  of  a  butterfly's  head ;  a  is  the  compound  eye, 
1  b  the  proboscis  partially  unfolded ;  c  and  d  show  por- 
os  of  the  tubes  forming  the  proboscis  highly  magnified. 

7  There  is  an  indentation  in  the  under  side  of  the  head  to 
eive  the  proboscis  when  folded  up. 

8  A  bee  has  the  same  number  of  parts  to  its  mouth  as  any 
er  insect ;  the  only  difference  between  that  of  a.  bee  «&&.% 
tie  is,  that  some  of  the  parts  are  more  deveVype&Va.  ^kfc 
ner:  viz,,  the  labium,  tongue,  and  maxillse. 
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a  mouth  would  be,  for  the  collecting  of  the  proper  nourisb- 
ment  of  the  animal  is  sufficiently  evident.  The  food  of 
the  bee  is  the  nectar  of  flowers ;  a  drop  of  syrup,  lodged 
deep  in  the  bottom  of  the  corollae,  in  the  recesses  of  the 
petals,  or  down  the  neck  of  a  monopetalous  glove.  Into 
these  cells  the  bee  thrusts  its  long  narrow  pump,  through 
the  cavity  of  which  it  sucks19  up  this  precious  fluid,  in- 
accessible to  every  other  approach.  It  is  observable 
also,  that  the  plant  is  not  the  worse*0  for  what  the  bee 
does  to  it.  The  harmless  plunderer  rifles  the  sweets, 
but  leaves  the  flower  uninjured.  The  ringlets  of  which 
the  proboscis  of  the  bee  is  composed,  the  muscles  by 
which  it  is  extended  and  contracted,  form  so  many  mi- 
croscopical wonders.  The  agility  also  with  which  it  is 
moved  can  hardly  fail  to  excite  admiration.     But  it  is 

19  See  Note  18.  It  might  be  more  correct  to  say  licks  vp, 
for  there  is  no  tube. 

20  Bees  are  essential  to  the  fructification  of  many  sorts  of 
plants,  for  it  is  by  them  that  the  farina  is  carried  from  the 
male  to  the  female  flowers ;  and  as  some  flowers  yield  a 
much  greater  quantity  of  honey  than  others,  it  might  per- 
haps be  imagined  that  those  yielding  little,  and  yet  depend- 
ing upon  the  bees  for  their  fructification,  might  often  be 
barren.  No  such  defects,  however,  are  to  be  found  :  the 
structure  of  the  proboscis  varies  considerably  in  different 
species  of  bees,  so  that  all  bees  cannot  collect  indiscrimi- 
nately from  any  honey-yielding  plant.  One  great  tribe  of 
bees  (the  apidee)  collect  their  honey  for  the  most  part  from 
bell-shaped  flowers,  such  as  the  blind  nettle,  &c. ;  their  long 
proboscis  enabling  them  to  reach  the  bottom  of  the  bells. 
Another  tribe,  having  the  proboscis  short,  are  obliged  to 
collect  from  flowers  of  a  different  shape.  There  is  yet  another 
circumstance  which  leads  the  different  sorts  of  bees  to  visit 
a  variety  of  flowers :  viz.,  that  they  do  not  feed  their  larva 
on  the  same  substance.  If  we  examine  the  cells  of  some 
(the  andrccnidce),  we  find  that  the  food  stored  up  for  the 
young  consists  of  a  ball  of  farina,  which  has  scarcely  any 
admixture  of  honey :  these  bees  would  naturally  seek  those 
flowers  which  yield  the  most  farina ;  whereas  in  others  (the 
apidee)  honey  with  very  little  farina  is  stored  up  for  the 
jroung. 
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enough  for  our  purpose  to  observe,  in  general,  the  suit- 
ableness of  the  structure  to  the  use  of  the  means  to  the 
end,  and  especially  the  wisdom  by  which  nature  has  de- 
parted from  its  most  general  analogy  (for  animals  being 
furnished  with  mouths  are  such),  when  the  purpose 
could  be  better  answered  by  the  deviation. 

In  some  insects  the  proboscis,  or  tongue,  or  trunk,  is 
shut  up  in  a  sharp-pointed  sheath,  which  sheath,81  being  of 
a  much  firmer  texture  than  the  proboscis  itself,  as  well  as 
sharpened  at  the  point,  pierces  the  substance  which  con- 
tains the  food,  and  then  opens  within  the  wound,  to  allow 
the  enclosed  tube,  through  which  the  juice  is  extracted, 
to  perform  its  office.  Can  any  mechanism  be  plainer 
than  this  is,  or  surpass  this  ? 

V.  The  metamorphosis  of  insects  from  grubs  into 
moths  and  flies  is  an  astonishing  process.  A  hairy 
caterpillar  is  transformed  into  a  butterfly.  Observe  the 
change.  We  have  four  beautiful  wings  where  there 
were  none  before — a  tubular  proboscis  in  the  place  of  a 
mouth  with  jaws  and  teeth,22  six  long  legs  instead  of 

81  The  mouth  of  the  common  flea  (Pulex  irritans)  is  of 
this  nature ;  it  is  composed  of  seven  pieces,  a  pair  of  man- 
dibles, a  pair  of  maxilla,  two  palpi  or  feelers,  and  a  tongue. 
The  use6  of  these  pieces  appear  to  be  as  follows : — the  man- 
dibles, which  are  short,  strong,  and  sharp,  are  to  cut  through 
the  outer  skin ;  the  maxilUe,  which  are  long  and  shaped  like 
lancets,  are  to  pierce  still  deeper  so  as  to  cause  bleeding :  the 
tongue  is  then  used  to  lick  and  convey  the  blood  to  the  oeso- 
phagus ;  and  the  palpi  are  to  direct  these  operations,  con- 
veying information  to  the  animal  by  feeling  or  touch.  These 
same  seven  parts  (forming  the  mouth,  and  technically  called 
trophx)  are  to  be  found  in  almost  all  insects,  but  constructed 
in  different  ways  to  suit  the  various  habits  of  the  species. 

**  The  mouth  of  the  caterpillar,  or  larva  state  of  insects, 
has,  in  the  greater  portion  of  the  species,  the  same  number  of 
parts  as  that  of  the  perfect  insect.  In  the  pupa  state  some  of 
these  parts  become  nearly  or  quite  obliterated,  whilst  others 
are  much  more  developed  to  suit  the  habits  of  the  animal  in 
its  next  or  perfect  state  of  existence ;  and  thus,  of  course,  m 
some  instances,  where  there  is  but  little  difference  "between, 
the  habits  of  the  larva  and  those  of  the  perfect  insect,  there  Vt 
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•oft  worm  turn-.  ■ !   ii 

likewise  but  little  difference  in  the  structure  of  the  month, 
as,  for  instance,  in  locusts,  grasshoppers,  and  cockroaches. 

In  the  butterfly  tribe  the  maxilla*  or  undor  jaws  of  tin 
caterpillar  beec-cne  in  the  perfect  insect  elongated  into  two 
tubes  (see  Cut),  which  may  be  joined  together  at  the  plea- 
sure of  the  aninv'].  Iiy  riie;iiis  nI'  [■;.y.,f.,iir;;j;  ridges  (furnished 
with  a  sort  of  hook  somewhat  like,  the  lamina;  of  fenlheni 


is  through  the  central  tnlw  that  the  nectar  is  pumped  B 
sucked  up  i  the  two  outer  tubes  Reaumur  imagines  are  ftr 
the  reception  of  sir  :  if'  this  lv  the  ease,  it  may  possibly  b) 
that  air  which  i^  divli'u:;..!  fi-imi  ilic  eeiili'il  lube  to  creilt 
the  necessary  TOeuaui.  The  mandibles,  or  tipper  jaws,  ml 
other  parts  oonspieaous  in  the  caterpillar,  are  to  be  fbuat 
onlj  in  a  rudimentary  state  in  the  butterfly, — yet  they  * 
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with  gauze  wings.  These,  as  I  said,  are  astonishing 
processes,  and  must  require,  as  it  should  seem,  a  pro- 
portionably  artificial  apparatus.  The  hypothesis  which 
appears  to  me  most  probable  is,  that,  in  the  grub,  there 
exist  at  the  same  time  three  animals,  one  within  another, 
all  nourished  by  the  same  digestion,  and  by  a  communi- 
cating circulation,  but  in  different  stages  of  maturity.*8 
The  latest  discoveries  made  by  naturalists  seem  to  favour 
this  supposition.  The  insect  already  equipped  with 
wings,  is  described  under  the  membranes  both  of  the 
worm  and  nymph.     In  some  species  the  proboscis,  the 

v  The  following  observations  do  not  exactly  support  the 
opinion  of  Dr.  Paley.  It  is  more  probable  that  the  parts 
which  are  to  appear  m  the  perfect  insect  do  not  exist  in  the 
larvae,  where  there  is  not  much  difference  between  the  larva 
and  pupa  excepting  at  the  time  just  previous  to  its  becoming 
a  papa,  at  which  time  the  larva  is  motionless  and  torpid. 
The  caterpillar  of  a  moth,  when  about  to  turn  into  a  pupa, 
provides  for  the  protection  of  the  latter  state,  either  by  sur- 
rounding itself  with  a  web,  or  by  some  other  means.  Soon 
after  this  is  accomplished  the  caterpillar  becomes  motionless, 
or  nearly  so;  it  can  neither  eat  nor  crawl.  At  this  time, 
and  not  before,  the  parts  of  the  pupa  are  forming  within  the 
skin  of  the  caterpillar,  which  may  be  easily  seen  by  dissec- 
tion. When  the  difference  between  the  larva  and  the  per- 
fect insect  is  great,  this  is  always  the  case,  and  the  pupa  is 
passive ;  but  when  the  difference  is  not  so  considerable,  the 
ease  is  different.  The  larva  of  a  grasshopper  scarcely  differs 
from  the  perfect  insect  it  is  to  become,  except  in  wanting 
wings ;  the  pupa  differs  only  in  having  rudimentary  instead 
of  perfect  wings ;  it  casts  its  skin ;  it  is  then  the  perfect  in- 
sect, excepting  that  the  wings  are  crippled,  and  these  very 
rapidly  expand.  In  this  latter  case  it  is  seen  that  there  is 
bat  little,  difference  between  the  three  stages,  and  the  change 
from  the  caterpillar  to  the  moth  is  very  great,  and  takes 
place  only  during  the  torpid  state  of  the  former,  which  state 
is  to  allow  of  its  taking  place.  In  the  case  of  the  grasshopper, 
where  the  changes  are  but  slight,  we  should  imagine  but 
little  of  this  torpidity  would  be  required :  and  such  appears 
to  be  the  case,  for  the  pupse  of  grasshoppers,  and  &\Y\e&.  \&» 
sects,  are  always  as  active  as  either  the  larva  qt  -^etfecx 
insect 

c  3 


antennas,  the  limbs,  and  wings  of  the  fly  have  bci 
observed  to  be  (bided  up  within  the  body  of  the  cate 


st  animal  which,  besides  its  own  proper  charactt 
serves  as  an  integument  to  the  other  two,  being  tl 

farthest  advanced,  dies,  as  we  suppose,  and  drops  i 
first.  The  second,  the  pupa  or  chrysalis,  then  offers  i 
self  to  observation.  This  also,  in  its  turn,  dies;  its  da 
and  brittle  husk  falls  to  pieces,  and  makes  way  for  tl 
appearance  of  the  fly  or  moth.  Now  if  this  be  the  cas 
or  indeed  whatever  explication  be  adopted,  we  have 
prospective  contrivance  of  the  most  curious  kind  ;  t 
have  organizations  three  deep,  yet  a  vascular  syste 
which  supplies  nutrition,  growth,  and  life  to  all  of  the 
together. 

VI.  Almost  all  insects  are  oviparous.  Nature  kee' 
her  butterflies,  moths,  and  caterpillars  locked  up  durii 
the  winter  in  their  egg-state  ;  and  we  have  to  admL 
the  various  devices  to  which,  if  we  may  so  speak,  tl 
same  nature  hath  resorted  for  the  security  of  the  eg| 
Many  insects  enclose  their  eggs  in  a  silken  web ;  othe 
cover  them  with  a  coat  of  hair  torn  from  their  on 
bodies;  some  glue  them  together;  and  others,  like  1) 
moth  of  the  silk-worm,  glue  them  to  the  leaves  up* 
which  they  arc  deposited,  that  they  may  not  be  shakt 
off  by  the  wind,  or  washed  away  by  rain.  Some,  agaii 
make  incisions  into  leaves,  and  hide  an  egg  in  each  u 
cisUin ;  whilst  some  envelope  their  eggs  with  a  soft  sul 
stance  which  forms  the  first  aliment  ot  the  young  anima 
and  some  again  make  a  hole  in  the  earth,  and,  havii: 
stored  it  with  a  quantity  of  proper  food,  deposit  the 
eggs  in  it.  In  all  which  we  are  to  observe,  that  the  e: 
peaient  depends  not  so  much  upon  the  address  of  ti 
animal,   as   upon  the  physical  resources  of  his  const 

The  art  also  with  which  the  young  insect  is  coiled  t 
in  the  egg  presents,  where  it  can  be  examined,  a  subje 
of  great  curiosity.  The  insect,  rumished  with  all  ti 
members  which  it  ought  to  have  is  rotted  op  itAos.  foe 
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vhich  seems  to  contract  it  into  the  least  possible  space ; 
>y  which  contraction,  notwithstanding  the  smallness  of 
he  egg,  it  has  room  enough  in  its  apartment,  and  to 
pare.  This  folding  of  the  limbs  appears  to  me  to  in- 
licate  a  special  direction;  for  if  it  were ,  merely  the 
sffect  of  compression,  the  collocation  of  the  parts  would 
>e  more  various  than  it  is.  In  the  same  species,  I  be- 
ieve,  it  is  always  the  same. 

These  observations  belong  to  the  whole  insect  tribe, 
►r  to  a  great  part  of  them.  Other  observations  are 
imited  to  fewer  species,  but  not,  perhaps,  less  important 
»r  satisfactory. 

I.  The  organization  in  the  abdomen  of  the  silkworm 
r  spider,  whereby  these  insects  form  their  thread,  is  as 
icontestably  mechanical  as  a  wire-drawer's  mill.  In  the 
ody  of  the  silkworm  are  two  bags,  remarkable  for  their 


wrm,  position,  and  use.  They  wind  round  the  intes- 
ine ;  when  drawn  out  they  are  ten  inches  in  length, 
hough  the  animal  itself  be  only  two.  Within  these 
ags  is  collected  a  glue ;  and,  communicating  with  the 
ags,  are  two  paps  or  outlets,  perforated  like  a  grater 
y  a  number  of  small  holes.  Tne  glue  or  gum,  being 
assed  through  these  minute  apertures,  forms  hairs  of 
I  most  imperceptible  fineness ;  and  these  hairs,  when 
>ined,  compose  the  silk  which  we  wind  oif  from  the 
one  in  which  the  silkworm  has  wrapped  itself  up :  in 
le  spider,  the  web  is  formed  from  this  thread.  In 
oth  cases,  the  extremity  of  the  thread,  by  means  of  its 
ihesive  quality,  is  first  attached  by  the  animal  to  some 
sternal  hold ;  and  the  end  being  now  fastened  to  a 
aint,  the  insect,  by  turning  round  its  body,  or  by  re- 
ading from  that  point,  draws  out  the  thread  through 
te  holes  above  described,  by  an  operation,  as  W0a.\ifeea 
served,  exactly  similar  to  the  drawing  oi  vaxe.    1Y&ft 
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thread,  like  the  wire,  is  formed  by  die  hole  throng* 
which  it  posses.  In  one  respect  were  is  *  diflfereRos, 
The  wiru  is  the  metal  unaltered,  except  in  figure.  Id 
the  animal  process  the  nature  of  the  substance  is  WW 
what  changed  as  well  as  the  form ;  for,  a*  it  exist*  within 
the  insect,  it  is  a  soft,  clammy  gum  or  glue.  The  thread 
acquires,  it  is  probable,  its  firmness  and  tenacity  from 
the  action  of  the  air  upon  its  surface  in  the  moment  of 
exposure  ;  and  a  thread  so  fine  is  almost  all  surface. 
This  property,  however,  of  the  paste  is  part  of  the  CO* 

The  mechanism  itself  consists  of  the  bags  or  reeervoira 
into  which  the  glue  is  collected,  and  of  the  external 
holes  communicating  with  these  bags ;  and  the  action  of 
the  machine  is  seen  in  the  forming  of  a  thread,  aa  win 
is  formed,  by  forcing  the  material  already  prepared 
through  holes  of  proper  dimensions.  The  secretion  a 
an  act  too  subtile  for  our  discernment,  except  as  we 
perceive  it  by  the  produce.  But  one  thing  answers  to 
another ;  the  secretory  glands  to  the  quality  and  con- 
sistence required  iu  the  secreted  substance ;  the  bag  to 
its  reception.  The  outlets  and  orifices  arc  constructed 
not  merely  for  relieving  the  reservoirs  of  their  burden, 
but  for  manufacturing  the  contents  into  a  form  and  tex- 
ture of  great  external  use,  or  rather,  indeed ,  of  future 
necessity,  to  the  life  and  functions  of  the  insect. 

II.  He.es,  under  one  character  or  other,  have  tar- 
nished every  naturalist  with  a  set  of  observations.  I 
shall,  in  this  place,  confine  myself  to  one;  and  that ii 
the  relation  which  obtains  between  the  wax  and  the 
honey.  No  person  who  has  inspected  a  bee-hive  caa 
forbear  remarking  how  commodiously  the  honey  is  be- 
stowed in  the  comb,  and,  amongst  other  advantages, 
how  effectually  the  fermentation  of  the  honey  is  ]>ro- 
vented  by  distributing  it  into  small  cells.  The  fact  is. 
that  when  the  honey  is  separated  from  the  comb,  ami 

Sut  into  jars,  it  runs  into  fermentation  with  a  much  led 
cgrce  of  heat  than  what  takes  place  in  a  hive.     This 
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do  with  the  honey  if  it  had  not  the  wax  ?  how,  at  least, 
could  it  store  it  up  for  winter  ?  The  wax,  therefore, 
answers  a  purpose  with  respect  to  the  honey ;  and  the 
honey  constitutes  that  purpose  with  respect  to  the  wax. 
This  is  the  relation  between  them.  But  the  two  sub- 
stances, though  together  of  the  greatest  use,  and  without 
each  other  of  little,  come  from  a  different  origin.  The 
bee  finds  the  honey,  but  makes  the  wax.  The  honey  is 
lodged  in  the  nectaria  of  flowers,  and  probably  under- 
goes little  alteration — is  merely  collected ;  whereas  the 
wax  is  a  ductile  tenacious  paste,  made  out  of  a  dry  pow- 
der," not  simply  by  kneading  it  with  a  liquid,  but  by  a 
digestive  process  in  the  body  of  the  bee.  What  account 
can  be  rendered  of  facts  so  circumstanced,  but  that  the 
animal,  being  intended  to  feed  upon  honey,  was,  by  a 
peculiar  external  configuration,  enabled  to  procure  it? 
That,  moreover,  wanting  the  honey  when  it  could  not 
be  procured  at  all,  it  was  further  endued  with  the  no 
less  necessary  faculty  of  constructing  repositories  for  its 
preservation?  Which  faculty,  it  is  evident,  must  de- 
pend primarily  upon  the  capacity  of  providing  suitable 
materials.  Two  distinct  functions  go  to  make  up  the 
ability.  First,  the  power  in  the  bee,  with  respect  to 
wax,  of  loading  the  farina  of  flowers  upon  its  thighs. 
Microscopic  observers  speak  of  the  spoon-shaped  appen- 
dages with  which  the  thighs  of  bees  are  beset  for  this 
very  purpose ;  but,  inasmuch  as  the  art  and  will  of  the 
bee  may  oe  supposed  to  be  concerned  in  this  operation, 
there  is,  secondly,  that  which  doth  not  rest  in  art  or 
will — a  digestive  faculty,  which  converts  the  loose  pow- 
der into  a  stiff  substance.  This  is  a  just  account  of  the 
honey  and  the  honey-comb ;  and  this  account,  through 
every  part,  carries  a  creative  intelligence  along  with  it.24 

**  The  opinion  of  Huber,  Hunter,  and  others,  is,  that  wax 
il  not  made  out  of  pollen,  but  from  honey.  Huber  kept  some 
bees  confined,  and  fed  them  with  honey  only,  and  wax  was 
secreted  as  usual.  It  is  most  likely  that  bees  never  eat  farina* 
and  that  it  is  collected  for  the  lame  culYjj.  $&£ra&<^& 
Bee,  '  Peony  Cyclopaidm.' 

**  It  has  often  been  remarked,  that  Dr.Patoj  &oe*  ^^ 
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The  atirujalio  of  the  bee  has  this  relation  to  Che  hoMgj 
that  it  is  necessary  tor  the  protection  of  a  treasure  which 
invites  so  many  robbers. 

III.  Our  business  is  with  mechanism.  In  the  pa- 
norpa  tribe  of  insects,  I  hero,  is  :i  1'oivons  in  (lie  tail  of  the 
male  insect  with  which  he  catches  and  holds  the  female. 
Are  a  pair  of  pincers  more  mechanical   than  this  pro- 

and  certain  in  its  design  ?*> 

IV.  St.  Pierre  tells  us,"  that  in  a  fly  with  six  feet  (I 
do  not  remember  that  he  describes  the  .^leeics),  the  pair 
next  the  head  and  the  pair  ne*t  the  tail  have  brushes  it 
their  extremities,  with  which  the  lly  dresses,  as  there 
may  be  occasion,  the  anterior  or  the  posterior  part  of  its 
body;  but  that  the  middle  jiair  have  no  siir'h  Ijn.ishc, 
the  situation  of  tlicnc  l.'L's  not  admitting  'it'  the  brushes, 
if  they  were  there,  beins;  converted  to  the  same  use. 
This  is  a  very  exact  mechanical  distinction,*' 

either  in  this  chapter,  or  in  that  on  instinct,  state  the  most 
remarkable  of  all  instincts,  and  of  all  the  labours  of  insects, 
the  formation  of  the  cells  by  the  bee  according  to  the 
strictest  geometrical  rales.    The  history  of  this  discovery 

made  ■:  through  i\--.--.'..i:ii'*  suiree-lion  ■  I iy  Knji'.ij;'s  amplica- 
tion of  the  fluxiona]  calculus,  and  by  its  result  1 1 ■  i  1 1 ■_■-  iiniii.1 
to  tally  with  Maraldi's  measurement,  will  be  given  in  the 
Appendix.  Ma  clam-in  n.lwd  tin;  same  problem  allerwardi 
by  the  help  of  pla::e  geometry,  with  a  truly  felicitous  Ail!, 
The  angles  actually  made  differ  !.y  about  tn-n  minutes  from 
those  giren  by  tin.'  calculus ;  but  no  cue  can  doubt  that  sub- 
sequent  discovery  will  explain  this. 

<°  lu  the  genus  Teu:hi:is  fa  tribe  of  beetles  closely  alli.nl  in 
the  rose  beetle)  the  males  have  the  tibia  of  the  middle  pair 
of  legs  curved  for  the  same  purpose. 

"  The  stag-he. -lie  :'  /.nen  ■■■■.■■.•■-em-is1  deans  its  antenna;  "bj 
drawing  them  between  the  tbijih  of  tin-  foreleg  and  the  no- 
derside  of  the  thorax,  in  both  of  whir-Si  parts  a  velvet-like 
patch  of  hair  is  in  le  observed,  whii-li  is  wel:  adapted  fursin-li 
purpose."  See  (iiis,  and  other  jural iari ties  in  the  same  in- 
sec^  in  the  first  Pan  ni"  (In*  l-^tomobujicid  Society's  Trans- 
actions,  in  '  The  Journal  of  I'rn  e.  dings,'  page  6. 
•  Vol.  i.  p.  342. 
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:he  reader,  looking  to  our  distributions  of  sci- 
1  to  contemplate  the  chemistry  as  well  as  the 
n  of  nature,  the  insect  creation  will  afford  him 
le.  I  refer  to  the  light  in  the  tail  of  a  glow- 
.Vo  points  seem  to  be  agreed  upon  by  naturalists 
g  it :  first,  that  it  is  phosphoric ;  secondly, 
e  is  to  attract  the  male  insect.  The  only  thing 
lired  after  is  the  singularity,  if  any  such  there 

natural  history  of  this  animal,  which  should 
)rovision  of  this  kind  more  necessary  for  it  than 
insects.  That  singularity  seems  to  be  the  dif- 
hich  subsists  between  the  male  and  the  female, 
Terence  is  greater  than  what  we  find  in  any 
lies  of  animal  whatever.  The  glow-worm  is  a 
iterpillar,  the  male  of  which  is  a  fly,  lively, 
vely  small,  dissimilar  to  the  female  in  appear- 
Dably  also  as  distinguished  from  her  in  habits, 
and  manners,  as  he  is  unlike  in  form  and  ex- 
stitution.  Here  then  is  the  adversity  of  the 
le  caterpillar  cannot  meet  her  companion  in  the 

winged  rover  disdains  the  ground.  They 
ver  therefore  be  brought  together  did  not  this 
rch  direct  the  volatile  mate  to  his  sedentary 

example  we  also  see  the  resources  of  art  anti- 
One  grand  operation  of  chemistry  is  the 
'  phosphorus ;  and  it  was  thought  an  ingenious 
make  phosphoric  matches  supply  the  place  of 
pers.  Now  this  very  thing  is  done  in  the  body 
w-worm.     The  phosphorus  is  not  only  made, 

smale  glow-worm  undergoes  the  same  transforma- 
.  other  insects,  and  its  perfect  state  differs  con- 
rom  its  larva  or  caterpillar  state,  though  in  both 
mits  the  phosphoric  light  Besides  the  ordinary 
motions,  the  female  glow-worm  differs  from  the 
in  being  apterous ;  but  apterous  female  insects  are 
uent ;  thus  many  species  of  moths  have  no  wings, 
ircumstances  of  the  sedentary  habits  of  the  femafe, 
ales  flying  by  night  only,  seem,  to  show  tYifc  \»s  <A 
See  the  next  note. 
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hjx  K.'jifrd,  and  caused  to  emit  a  steady  and  g 
\*ar::.  Y'jt  th«?  purpose  which  is  here  stated,  and  wfi 
bcliev*.-  \*>  be  the  true  one.«* 

VI.  Nor  is  the  last  the  only  instance  that  entom 
afford*!,  in  which  our  discoveries,  or  rather  our  pro 
turn  out  to  be  imitations  of  nature.  Some  years  ai 
plan  was  tuggested  of  producing  propulsion  by  re-t 
in  this  w«.v :  by  the  force  of  a  steam-engine,  a  si 
of  water  was  to  be  shot  out  of  the  stern  of  a  boat 
impulse  of  which  stream  upon  the  water  in  the  rive 
to  \m-th  the  l>oat  itself  forward  ;  it  is  in  truth  the 
cip!<;  by  which  sky-rockets  ascend  in  the  air.  0 
um-  or  practicability  of  the  plan  I  am  not  speaking 
is  it  my  concern  to  praise  its  ingenuity ;  but  it  if 
tainly  a  contrivance.  Now,  if  naturalists  are  to  b 
lie  veil,  it  is  exactly  the  device  which  nature  has 
use  of  for  the  motion  of  some  species  of  aquatic  in 
The  larva  of  the  dragon-fly,  according  to  Adams,  i 
by  ejecting  water  from  its  tail — is  driven  forward  I 
rc-aetion  of  water  in  the  pool  ujxra  the  current  is 
in  a  direction  backward  from  its  body. 

VII.  Again:  Europe  has  lately  been  surprise 
the  elevation  of  bodies  in  the  air  by  means  of  a  be 
The  discovery  consisted  in  finding  out  a  mana 
Niihftturicc,  which  was,  bulk  for  bulk,  lighter  thi 
and  the  application  of  the  discovery  was  to  make 
eoniposetl  of  this  substance  bear  up,  along  with 
weight,  some  heavier  body  which  was  attache* 
This  ex|>eriicnt,  so  new  to  us,  proves  to  be  no  ot) 
what  the  Author  of  nature  has  employed  in  the  t 

sv  There  exists  some  aontroversy  among  natura1 
the  um.»  of  the  glow-worm's  light.     The   doubt 
ehieth  raised  by  the  observation  that  the  insect  is 
though  in  an  imperfect  degree,  when  in  the  state 
it  cannot  propagate,  as  mentioned  in  the  last  note 
>t  insects  are  attracted  by  light  as  well  as  the  i 
The  preponderance  of  the  argument  is  dr 
supposition  adopted  by  our  author, 
"*"      dy  received  opinion.    The  pa 
he  given  m\&o  \\s$etv$\3^ 
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spider.  We  frequently  see  this  spider's  thread  floating 
in  the  air,  and  extended  from  hedge  to  hedge  across  a 
road  or  brook  of  four  or  five  yards'  width.  The  animal 
which  forms  the  thread  has  no  wings  wherewith  to  fly 
from  one  extremity  to  the  other  of  this  line,  nor  muscles 
to  enable  it  to  spring  or  dart  to  so  great  a  distance :  yet 
its  Creator  hath  laid  for  it  a  path  in  the  atmosphere  ; 
and  after  this  manner.  Though  the  animal  itself  be 
heavier  than  air,  the  thread  which  it  spins  from  its 
bowels  is  specifically  lighter.  This  is  its  balloon.  The 
spider,  left  to  itself,  would  drop  to  the  ground ;  but 
being  tied  to  its  thread,  both  are  supported.  We  have 
here  a  very  peculiar  provision ;  and  to  a  contemplative 
eye  it  is  a  gratifying  spectacle  to  see  this  insect  wafted 
on  her  thread,  sustained  by  a  levity  not  her  own,  and 
traversing  regions  which,  if  we  examined  only  the  body 
of  the  animal,  might  seem  to  have  been  forbidden  to  its 
nature.80 

I  must  now  crave  the  reader's  permission  to  introduce 
into  this  place,  for  want  of  a  better,  an  observation  or 
two  upon  the  tribe  of  animals,  whether  belonging  to 
land  or  water,  which  are  covered  by  shells. 

I.  The  shells  of  snails  are  a  wonderful,  a  mechanical, 
and,  if  one  might  so  speak  concerning  the  works  of  na- 
ture, an  original  contrivance.  Other  animals  have  their 
proper  retreats,  their  hybemacula  also,  or  winter-quar- 
ters, but  the  snail  carries  these  about  with  him.  He 
travels  with  his  tent ;  and  this  tent,  though,  as  was  ne- 
cessary, both  light  and  thin,  is  completely  impervious 
either  to  moisture  or  air.  The  young  snail  comes  out  of 
its  egg  with  the  shell  upon  its  back ;  and  the  gradual 
enlargement  which  the  shell  receives  is  derived  from  the 

*°  It  was  at  one  time  supposed  that  the  spider  could  pro- 
ject its  thread  through  the  air  at  will  in  any  direction,  and 
thus  attaching  it  to  different  bodies,  move  from  one  to  the 
other.  The  observations  more  accurately  made  of  late 
Tears,  show  that  this  power  is  not  possessed  by  the  animal, 
but  that  it  requires  the  aid  of  a  current  of  ait  to  «i\.TVioX  \Jaa 
thread.  This  correction,  however,  of  the  foTtaer  oY>\\\\sm.» 
ib  no  way  weakens  the  force  of  the  argument  in  ttaa  te*$- 
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slime  excreted  by  the  animal's  akin.  Now  the  aptnea 
of  this  excretion  to  the  purpose,  its  property  of  harden- 
ing into  a  shell,  and  the  action,  whatever  it  be,  of  the 
animal,  whereby  it  avails  itself  of  its  gift,  and  of  the 
constitution  of  its  glands  (to  say  nothing  of  the  work 
being  commenced  before  the  animal  ia  bom),  are  thing! 
which  can,  with  no  probability,  be  referred  to  any  other 
cause  than  to  express  design ;  and  that  not  on  tie  part 
of  the  animal  alone,  in  which  design,  though  it  might 
build  the  house,  it  could  not  hare  supplied  the  material. 
The  will  of  the  animal  could  not  determine  the  quality 
of  the  excretion.  Add  to  which,  that  the  shell  of  the 
mail,  with  its  pillar  and  convolution,  is  a  very  artificial 
fabric ;  whilst  a  snail,  as  it  should  seem,  is  the  most 
numb  and  unprovided  of  all  artificers.  In  the  midst  of 
variety  there  is  likewise  a  regularity  which  could  hardlj 
ho  expected.  In  the  same  species  of  snail  the  number 
aftumsis  usually,  if  not  always,  the  same.    TYnwaKa^ 
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>  of  the  mouth  of  the  shell  by  the  snail  is  also  well 
Iculated  for  its  warmth  and  security ;  but  the  cerate 
not  of  the  same  substance  with  the  shell. 


SpoHdylu* — prickly  oyiter. 

II.  Much  of  what  has  been  observed  of  snails  belongs 
sheU-Jish  and  their  shells,  particularly  to  those  of  the 
ivalvekind;  with  the  addition  of  two  remarks— one 
which  is  upon  the  great  strength  and  hardness  of  most 


■r'jrn  g«Ui  of  Lamarck,  Myiilui  eruw  jalli  ol  lAimiEoi^l* 
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of  those  sheila.  I  do  not  know  whether,  the  weight 
being  given,  art  can  produce  so  strong  a  case  as  are  soma 
ill'  these  shells ;  which  defensive  strength  suits  well  with 
the  life  of  an  animal  that  has  often  to  sustain  the  dan- 
gers of  a  stormy  clement  and  a  rocky  bottom,  as  well  si 
the  attacks  of  voracious  fish.  The  other  rewiurk  is  upon 
the  property,  in  the  animal  excretion,  net  eal*  of  con- 
gealing, but  of  congealing  or,  as  a  builder  mwft  call  it, 
setting,  in  water,  and  into  a  cretaceous  avhttanM,  first 
and  hard.  This  property  is  much  more  estmoadhurj, 
and,  chemically  speaking,  more  specific,  than  that  of 
hardening  in  the  air,  which  mar  be  reckoned  a,  band  of 
exsiccation,  like  the  drying  of  clay  into  bricks. 

III.  In  the  bivalve  order  of  shell-fish,  cockle*,  mu- 
scle, oysters,  &c.,  what  contrivance  can  be  so  simple  or 


dinous  substance   that  t 

which  binds  the  two  shells  together,  and  the  ktlft  npml 

which  they  open  and  shut  ? 

IV.  Tho  shell  ofalobster's  tail,  in  its  ai 
and  overlapping*,  represents  the  jointed  part  of  ■  (catlflr 
mail ;  or  rather,  which  I  believe  to  be  the  bath,  a  UstWj 
mail  is  an  imitation  of  a  lobster's  shell.  The  ■»■!„ 
is  to  be  answered  by  both ;  the  same  propertii 

fore,  are  required  in  both,  namely,  hardness:  ■ 

bShty — a  covering  which  may  $ubi&  ftv«  -^m.  a 
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obstructing  its  motion.  For  this  double  purpose  the  art 
of  man,  expressly  exercised  upon  the  subject,  has  not 
been  able  to  devise  anything;  better  than  what  nature 
presents  to  his  observation.  Is  not  this  therefore  me- 
chanism, which  the  mechanic,  having  a  similar  pur]x>se 
in  view,  adopts  ?  Is  the  structure  of  a  coat  of  mail  to 
be  referred  to  art  ?  Is  the  same  structure  of  the  lob- 
ster, conducing  to  the  same  use,  to  be  referred  to  any- 
thing less  than  art  ? 

Some  who  may  acknowledge  the  imitation,  and  assent 
to  the  inference  which  we  draw  from  it  in  the  instance 
before  us,  may  be  disposed,  possibly,  to  ask,  why  such 
imitations  are  not  more  frequent  than  they  are,  if  it  be 
true,  as  we  allege,  that  the  same  principle  of  intelligence, 
design,  and  mechanical  contrivance  was  exerted  in  the 
formation  of  natural  bodies  as  we  employ  in  the  making 
of  the  various  instruments  by  which  our  purposes  are 
served  ?  The  answers  to  this  question  are,  first,  that 
it  seldom  happens  that  precisely  the  same  purpose,  and 
no  other,  is  pursued  in  any  work  which  we  compare  of 
nature  and  of  art;  secondly,  that  it  still  more  seldom 
happens  that  we  can  imitate  nature  if  we  would.  Our 
materials  and  our  workmanship  are  equally  deficient. 
Springs  and  wires,  and  cork  and  leather,  produce  a  poor 
substitute  for  an  arm  or  a  hand.  In  the  example  which 
we  have  selected,  I  mean  a  lobster's  shell  compared  with 
a  coat  of  mail,  these  difficulties  stand  less  in  the  way  than 
in  almost  any  other  that  can  be  assigned ;  and  the  con- 
sequence is,  as  we  have  seen,  that  art  gladly  borrows 
from  nature  her  contrivance,  and  imitates  it  closely. 


But  to  return  to  insects.  I  think  it  is  in  this  class  of 
animals  above  all  others,  especially  when  we  take  in  the 
multitude  of  species  which  the  microscope  discovers,  that 
we  are  struck  with  what  Cicero  has  called  "  the  insati- 
able variety  of  nature."  There  are  said  to  be  six  thousand 
species  of  flies ;  seven  hundred  and  sixty  butterflies ; 
each   ditfercnt  from  all  the  rest  (St.  Pierre).*1     T>aa 

91  There  are  collections  cf  insects  in  this  country  -srtxvs&* 
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same  writer  tells  us,  from  his  own  observation,  tl 
thirty-seven  species  of  winged  insects,  with  distinctk 
well  expressed,  visited  a  single  strawberry-plant  in  1 
course  of  three  weeks.*  Ray  observed,  within  the  oo 
pass  of  a  mile  or  two  of  his  own  house,  two  hundi 
kinds  of  butterflies,88  nocturnal  and  diurnal.  He  lil 
wise  asserts,  but,  I  think,  without  any  grounds  of  exi 
computation,  that  the  number  of  species  of  insec 
reckoning  all  sorts  of  them,  may  not  be  short  of  i 
thousand.f  And  in  this  vast  variety  of  animal  for 
(for  the  observation  is  not  confined  to  insects,  thou 
more  applicable  perhaps  to  them  than  to  any  other  claa 
we  are  sometimes  led  to  take  notice  of  the  differ* 
methods,  or  rather  of  the  studiously  diversified  methoi 
by  which  one  and  the  same  purpose  is  attained.  In  t 
article  of  breathing,  for  example,  which  was  to  be  pi 
vided  for  in  some  way  or  other,  besides  the  ordinary  t 
rieties  of  lungs,  gills,  and  breathing-holes  (for  insects 
general  respire,  not  by  the  mouth,  but  through  holes 
the  sides),  the  nympnae  of  gnats  have  an  apparatus 
raise  their  backs  to  the  top  of  the  water,  and  so  ta 
breath.  The  hydrocanthari  do  the  like  by  thrusti 
their  tails  out  of  the  water.J  The  maggot  of  the  en 
labra  has  a  long  tail,  one  part  sheathed  within  anoti 
(but  which  it  can  draw  out  at  pleasure),  with  a  stai 
tuft  at  the  end,  by  which  tuft,  when  expanded  upon  t 
surface,  the  insect  both  supports  itself  in  the  water,  a 

in  all  probability,  contain  forty  thousand  species.  The  nu 
ber  of  species  in  existence  may  fairly  be  reckoned  at  su 
or  eighty  thousand.  Mr.  Stephens,  in  his  catalogue  of  E 
tish  insects,  enumerates  ten  thousand,  since  the  publication 
which  many  new  species  have  been  discovered.  We  are  m 
speaking  of  true  insects, — animals  having  six  legs,  &c, — a 
not  including  crabs,  spiders,  scorpions,  and  others,  whi 
have  been  classed  with  insects. 

52  Ray  must  mean  butterflies  and  moths, — we  have  not  o 
hundred  species  of  butterflies  in  this  country  ;  and  besid 
no  butterflies  are  "  nocturnal." 

*  Vol.  i.  p.  3.  f  Wisd.  of  God,  p.  23. 

I  Derhauijp.  1. 
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draws  in  the  air  which  is  necessary.  In  the  article  of 
natural  clothing,  we  Have  the  skins  of  animals  invested 
with  scales,  hair,  feathers,  mucus,  froth,  or  itself  turned 
into  a  shell  or  crust.  In  the  no  less  necessary  article  of 
offence  and  defence,  we  have  teeth,  talons,  beaks,  horns, 
stings,  prickles,  with  (the  most  singular  expedient  for 
the  same  purpose)  the  power  of  giving  the  electric 
shock,  and,  as  is  credibly  related  of  some  animals,  of 
driving  away  their  pursuers  by  an  intolerable  foetor,  or 
of  blackening  the  water  through  which  they  are  pur- 
sued. The  consideration  of  these  appearances  might 
induce  us  to  believe  that  variety  itself,  distinct  from 
every  other  reason,  was  a  motive  in  the  mind  of  the 
Creator,  or  with  the  agents  of  his  will. 

To  this  great  variety  in  organised  life  the  Deity  has 
given,  or  perhaps  there  arises  out  of  it,  a  corresponding 
variety  of  animal  appetites.  For  the  final  cause  of  this 
we  have  not  far  to  seek.  Did  all  animals  covet  the  same 
element,  retreat,  or  food,  it  is  evident  how  much  fewer 
could  be  supplied  and  accommodated  than  what  at  pre- 
sent live  conveniently  together,  and  find  a  plentiful 
subsistence.  What  one  nature  rejects  another  delights 
in.  Food  which  is  nauseous  to  one  tribe  of  animals  be- 
comes, by  that  very  property  which  makes  it  nauseous, 
an  alluring  dainty  to  another  tribe.  Carrion  is  a  treat 
to  dogs,  ravens,  vultures,  fish.83  The  exhalations  of  cor- 
rupted substances  attract  flics  by  crowds.  Maggots  revel 
in  putrefaction.34 

88  Very  many  insects  subsist  entirely  upon  carrion,  both  in 
the  larva  and  imago  state,  and  in  hot  weather  must  be  highly 
serviceable  in  removing  such  noxious  substances.  In  this 
point  of  view  the  maggots  of  flies  are  exceedingly  useful ;  a 
carcase  becoming  speedily  threaded  in  every  direction  by 
them,  is  soon  either  devoured  or  wasted. 

84  The  most  remarkable  circumstance  relative  to  instinct, 
as  well  as  to  the  habits  of  insects,  the  architecture  of  the  bee, 
has  been  observed  upon  in  a  former  note.    The  manufacture 
of  the  wasp  perhaps  comes  next,  and  is  to  the  cfoemtatorg  -*\»aX 
the  former  is  to  the  mathematics  of  instinct.     It,  fccTft&&%* 
too,  one  of  the  most  striking  instances  of  the  casc&N  ws&  <& 
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man  having  been  anticipated  by  the  lower  animals ;  a 
another  remarkable  proof  how  many  more  might  have 
made  by  closely  attending  to  their  habits, — perhaps  a 
remarkable  proof  than  those  referred  to  in  the  text  o: 
chapter,  and  hinted  at  in  chapter  viii.,  where  the  autl 
treating  of  the  vertebra*  and  ribs.  It  is  certain  that  soi 
the  most  material  improvements  in  paper-making  rec 
introduced,  as  the  use  of  other  substances  besides  rags 
the  obtaining  toughness  by  means  of  long  fibres,  had 
known  to  the  wasp  from  its  first  creation.  Its  whole  pi 
in  making  what  is  called  wasp-paper  is  precisely  that  c 
best  paper-makers.  This  will  be  illustrated  in  the  Appe 
It  is  only  mentioned  here  as  another  among  the  strikiD 
stances  of  the  Divine  agency  through  the  operations  o 
reasoning  animals — instances  which  fill  the  contemn' 
mind  with  the  most  profound  and  pleasing  admiration 
dispose  it  to  the  enjoyment  and  the  duty  of  heartfel 
votion. 

The  migration  of  birds  is  another  subject  full  c 
struction  regarding  the  great  questions  connected  wit 
stinct,   and  is  reserved  for  the  Appendix.      Obsen 
seems  at  variance  with  the  notion  of  the  older  birds  t 
ing  the  yearlings ;  indeed,  the  two  classes  have  been  i 
not  to  travel  together.    But  the  agitation  universal! 
•served  in  birds  of  passage  kept  in  cages,  at  the  seas- 
migration,  proves  clearly  that  no  experience  nor  instrc 
will  account  for  the  change  of  place.    See  Mr.  W.  Her 
excellent  remarks  on  this  instinct,  and  on  the  simih 
stincts  respecting  choice  of  food,  which  makes  birds  bx 
a  cage  at  once  select  their  appointed  food  when  shown 
for  the  first  time  (White's  Selborne,  edit.  1833,   p. 
seq,)  The  facts  respecting  carrier-pigeons  and  other  aD 
finding  their  way  through  countries  in  the  knowl' 
which  they  never  could  have  been  trained,  belor 
same  class,  and  will  be  particularly  discussed  ; 
pendix — Dissertation  upon  Instinct.      The  doc* 
flirting  instincts  will  be  considered  under  the 
fiicting  contrivances  in  the  Dissertations  up 
adverted  to  in  the  Notes  on  the  last  chaptt 
parent  conflicts  afford  no  ground  whatever  for 
argument  as  to  design ;  and  they  in  -no  way 
sceptical  argument  drawn,  and  inaccuratel' 
other  sources,  respecting  benevolence. 
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CHAPTER  XX 

ft 

OP  PLANTS. 

I  think  a  designed  and  studied  mechanism  to  be  in 
general  more  evident  in  animals  than  in  plants :  and  it  is 
unnecessary  to  dwell  upon  a  weaker  argument  where  a 
stronger  is  at  hand.  There  are,  however,  a  few  observ- 
ations upon  the  vegetable  kingdom  which  lie  so  direct!/ 
in  our  way,  that  it  would  be  improper  to  pass  by  them 
without  notice. 

The  one  great  intention  of  nature  in  the  structure  of 
plants  seems  to  be  the  perfecting  of  the  seed,  and,  what 
is  part  of  the  same  intention,  the  preserving  of  it  until  it 
be  perfected.  This  intention  shows  itself,  in  the  first 
place,  by  the  care  which  appears  to  be  taken  to  protect 
ind  ripen,  by  every  advantage  which  can  be  given  to 
them  of  situation  in  the  plant,  those  parts  which  most 
immediately  contribute  to  fructification,  viz.,  theantherae, 
the  stamina,  and  the  stigmata.  These  parts  are  usually 
lodged  in  the  centre,  the  recesses,  or  the  labyrinths  of 
the  flower — during  their  tender  and  immature  state  are 
drat  np  in  the  stalk,  or  sheltered  in  the  bud — as  soon  as 
they  have  acquired  firmness  of  texture  sufficient  to  bear 
exposure,  and  are  ready  to  perform  the  important  office 
nrhich  is  assigned  to  them,  they  are  disclosed  to  the 
ight  and  air  by  the  bursting  of  the  stem  or  the  expan- 
lion  of  the  petals ;  after  which  they  have,  in  many  cases, 
yy  the  very  form  of  the  flower  dunng  its  blow,  the  light 
ind  warmth  reflected  upon  them  from  the  concave  side 
>f  the  cup.  What  is  called  also  the  sleep  of  plants  is 
he  leaves  or  petals  disposing  themselves  in  such  a  man- 
ler  as  to  shelter  the  young  stems,  buds,  ot  font.  Ttoj 
mni  up,  or  they  fall  down,  according  as  Xfcns  \mx^ 
enders  either  change  of  position  legate.  \^  ^ 
yol.  in.  i> 
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growth  of  corn,  whenever  the  plant  beg 
the  two  upper  leaves  of  the  stalk  join  togei 
the  car,  and  protect  it  till  the  pulp  has  a< 
tain  degree  of  consistency.  In  some  wat 
flowering  and  fecundation  are  carried  on  wi 
-wards  opens  to  let  loose  the 


aeed."  The  pea,  or  pupilionaceous,  tribe 
parts  of  fructification  within  a  beautiful  ft 
internal  blossom,  sometimes  called,  frot 
the  boat  or  keel — itself  also  protected  u 
howe  formed  by  the  external  petals.  T 
is  very  artificial ;  and  what  adds  to  the 
though  it  may  diminish  the  curiosity,  very 
has  also  this  further  advantage  (and"  it  is 
'  '),  that  ail  the 
I  whenever  the  gale 


muu£ii  lu  vuuwugur  lub  ui:iii.thc  paru4  upi 
■eod  depends.  I  have  observed  this  a  hun 
■  field  of  peas  in  blossom.  It  is  an  aptitu 
•cite  from  the  figure  of  the  flower,  and,  as  < 

*  Philos.TfflMSLCL.'caTt'u.vm.'e 
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r  ia  strictly  mechanical,  as  much  so  as  the  turning  of  a 
weather-board  or  tin  cap  upon  the  top  of  a  chimney. 
Of  the  poppy,  and  of  many  similar  species  of  flowers, 
the  head  while  it  is  growing  hangs  down,  a  rigid  curva- 
ture in  the  upper  part  of  the  stem  giving  to  it  that  po- 
sition ;  and  in  that  position  it  is  impenetrable  by  rain  or 
moisture.  When  the  head  has  acquired  its  size  and  is 
ready  to  open,  the  stalk  erects  itself  for  the  purpose,  as 
it  should  seem,  of  presenting  the  flower,  and  with  the 
flower  the  instruments  of  fructification,  to  the  genial  in- 
fluence of  the  sun's  rays.  This  always  struck  me  as  a 
curious  property,  and  specifically  as  well  as  originally 
provided  for  in  the  constitution  of  the  plant ;  for  if  the 
stem  be  only  bent  by  the  weight  of  the  head,  how  comes 
it  to  straighten  itself  when  the  head  is  the  heaviest? 
These  instances  show  the  attention  of  nature  to  this 
principal  object,  the  safety  and  maturation  of  the  parts 
upon  which  the  seed  depends. 

In  tree*,  especially  in  those  which  are  natives  of  colder 

climates,  this  point  is  taken  up  earlier.    Many  of  these 

trees  (observe  in  particular  the  ash  and  the  horse-chestnut) 

produce  the  embryos  of  the  leaves  and  flowers  in  one 

year,  and  bring  them  to  perfection  the  following.  There 

is  a  winter  therefore  to  be  gotten  over.    Now  what  we 

are  to  remark  is,  how  nature  has  prepared  for  the  trials 

and  severities  of  that  season.    These  tender  embryos 

are,  in  the  first  place,  wrapped  up  with  a  compactness 

'which  no  art  can  imitate ;  m  whicn  state  they  compose 

-what  we  call  the  bud.    This  is  not  all.    The  bud  itself 

is  enclosed  in  scales ;  which  scales  are  formed  from  the 

remains  of  past  leaves,  and  the  rudiments  of  future  ones.89 

85  This  is  not  exactly  true.    Buds  are  not  enclosed  in 
SJcales  formed  from  the  remains  of  past  leaves,  except  in  a 
&w  rare  instances,  to  which  it  cannot  be  supposed  that  the 
author  refers ;  neither  are  they  protected  by  what  can  cor- 
f  Meetly  be  called  the  rudiments  of  future  leaves,  or  are  only 
:•  protected  in  part    The  extensive  scales  of  a  bud,  those  in 
&  "Which  the  office  of  protection  more  especially  reavies,  wre 
:  Rudimentary  leaves,  which  are  formed  at  the  en&  oi  <h& 
m,  when  the  force  of  development  in  the  -vegetable  ^3** 
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Neither  is  this  the  whole.  In  the  coldest  clima 
third  preservative  is  added,  by  the  bud  having-  a  ca 
gum  or  resin,  which,  being  congealed,  resists  the  stn 
est  frosts.  On  the  approach  of  warm  weather  this  j 
is  softened,  and  ceases  to  be  a  hindrance  to  the  expan 
of  the  leaves  and  flowers.  All  this  care  is  part  of 
system  of  provisions  which  has  for  its  object  and  < 
summation  the  production  and  perfecting  of  the  seed 

The  seeds  themselves  are  packed  up  in  a  copsu 
vessel  composed  of  coats,  which,  compared  with  the 
of  the  flower,  are  strong  and  tough.  From  this  vc 
projects  a  tube,  through  which  tube  the  farina,  or  s 
subtile  fecundating  effluvium  that  issues  from  it,  is 
mitted  to  the  seed.  And  here  also  occurs  a  mechar 
variety,  accommodated  to  the  different  circumstai 
under  which  the  same  purpose  is  to  be  accomplisl 
In  flowers  which  are  erect,  the  pistil  is  shorter  tnan 
stamina ;  and  the  pollen,  shed  from  the  antheree  into 
cup  of  the  flower,  is  caught  in  its  descent  by  the  h 
of  the  pistil,  called  the  stigma.  But  how  is  this  mana 
when  the  flowers  hang  down  (as  does  the  crown- 
perial  for  instance),  and  in  which  position,  the  far 
in  its  fall,  would  be  carried  from  the  stigma,  and 
towards  it  ?  The  relative  length  of  the  parts  is  1 
inverted.  The  pistil  in  these  flowers  is  usually  lonj 
instead  of  shorter,  than  the  stamina,  that  its  protrud 
summit  may  receive  the  pollen  as  it  drops  to  the  grou 
In  some  cases  (as  in  the  nigefla),  where  the  shaft 
the  pistils  or  stiles  are  disproportionably  long,  they  b 
down  their  extremities  upon  the  antherae,  that  the 
cessary  approximation  may  be  effected. 

But  (to  pursue  this  great  work  in  its  progress), 
impregnation,  to  which  all  this  machinery  relates,  be 
completed,  the  other  parts  of  the  flower  fade  and  d 
off,  whilst  the  gravid  seed-vessel,  on  the  contrary,  ] 
ceeds  to  increase  its  bulk,  always  to  a  great,  and, 

tern  is  weak  and  imperfect;  they  do  not  become  1« 
another  season,  but  are  simply  thrown  off  by  the  expan 
of  the  leaves  which  unfold  xrom  wV&m^heau 
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some  species  (in  the  gourd,  for  example,  and  melon), 
to  a  surprising  comparative  size ;  assuming  in  different 
plants  an  incalculable  variety  of  forms,  but  all  evidently 
conducing  to  the  security  of  the  seed.  By  virtue  of  this 
process,  so  necessary,  but  so  diversified,  we  have  the 
seed  at  length,  in  stone-fruits  and  nuts,  incased  in  a 
strong  shell,  the  shell  itself  enclosed  in  a  pulp  or  husk, 
by  which  the  seed  within  is,  or  hath  been,  fed ;  or, 
more  generally  (as  in  grapes,  oranges,  and  the  nume- 
rous kinds  of  berries),  plunged  overhead  in  a  glutinous 
syrup,  contained  within  a  skin  or  bladder:  at  other 
times  fas  in  apples  and  pears)  embedded  in  the  heart 
of  a  firm  fleshy  substance ;  or  (as  in  strawberries) 
pricked  into  the  surface  of  a  soft  pulp. 

These  and  many  more  varieties  exist  in  what  we  call 
JHcits.*    In  pulse,  and  grain,  and  grasses ;  in  trees,  and 

*  From  the  conformation  of  fruits  alone,  one  might  be 
led*  even  without  experience,  to  suppose  that  part  of  this 
provision  was  destined  for  the  utilities  of  animals.  As  limit- 
ed to  the  plant,  the  provision  itself  seems  to  go  beyond  its 
object.  The  flesh  of  an,  apple,  the  pulp  of  an  orange,  the 
meat  of  a  plum,  the  fatness  of  the  olive,  appear  to  be  more 
than  sufficient  for  the  nourishing  of  the  seed  or  kernel.  The 
event  shows  that  this  redundancy,  if  it  be  one,  ministers  to 
the  support  and  gratification  of  animal  natures ;  and  when 
we  observe  a  provision  to  be  more  than  sufficient  for  one 
purpose,  yet  wanted  for  another  purpose,  it  is  not  Unfair  to 
conclude  that  both  purposes  were  contemplated  together. 
It  favours  this  view  of  the  subject  to  remark,  that  fruits  are 
not  (which  they  might  have  been)  ready  altogether,  but  that 
they  ripen  in  succession  throughout  a  great  part  of  the  year ; 
some  in  summer ;  some  in  autumn ;  that  some  require  the 
slow  maturation  of  the  winter,  and  supply  the  spring ;  also 
that  the  coldest  fruits  grow  in  the  hottest  places.  Cucumbers, 
pine-apples,  melons,  are  the  natural  produce  of  warm  cli- 
mates, and  contribute  greatly,  by  their  coolness,  to  the  re- 
freshment of  the  inhabitants  of  those  countries. 

I  will  add  to  this  note  the  following  observation  comma- 
Siicated  to  me  by  Mr.  Brinkley 

**  The  eatable  part  of  the  cherry  or  peach,  torel  «erre&  ^oa 
purposes  of  perfecting  the  seed  or  kernel,  by  mesas  o*  n«»»&& 
passing  through  the  stone,  and  which  are  yery  yisiMte  Va.^ 
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shrubs,  and  flowers ;  the  variety  of  the  seed-yessels  k 
incomputable.  We  hare  the  seeds  (as  in  die  pea  tribe) 
regularly  disposed  in  parchment  pods,  which,  thongs 
soft  and  membranous,  completely  exclude  the  wet  era 

.  im  the  heaviest  rains ;  the  pod  also,  not  seldom  (as  in 
the  bean),  lined  with  a  fine  down ;  at  other  times  (as  is 
the  senna)  distended  like  a  blown  bladder :  or  we  have 
the  seed  enveloped  in  wool  (as  in  the  cotton  plant), 
lodged  (as  in  pines)  between  the  hard  and  compact 
scales  of  a  cone,  or  barricadoed  (as  in  the  artichoke  and 
thistle)  with  spikes  and  prickles ;  in  mushrooms,  placed 

'  under  a  pent-house ;  in  ferns,  within  slits  in  the  back 
part  of  the  leaf:  or  (which  is  the  most  general  organi- 
zation of  all)  we  find  them  covered  by  strong,  close 
tunicles,  and  attached  to  the  stem  according  to  an  order 
appropriated  to  each  plant,  as  is  seen  in  the  several  kinds 
of  grains  and  of  grasses. 

In  which  enumeration,  what  we  have  first  to  notice  a, 
unity  of  purpose  under  variety  of  expedients.  Nothing 
can  be  more  single  than  the  design ;  more  dfaerstiSetfthsi 
the  means.  Pellicles,  shells,  pulps,  pods,  husks,  skin, 
scales  armed  with  thorns,  are  all  employed  in  prosecut- 
ing the  same  intention.  Secondly;  we  may  observe, 
that,  in  all  these  cases,  the  purpose  is  fulfilled  within  A 
just  and  limited  degree.  We  can  perceive,  that  if  the 
seeds  of  plants  were  more  strongly  guarded  than  the/ 
are,  their  greater  security  would  interfere  with  other  jj 
uses.  Many  species  of  animals  would  suffer,  and  t 
many  perish,  if  they  could  not  obtain  access  to  then. 
The  plant  would  overrun  the  soil ;  or  the  seed  be  wasted 

peach-stone.  After  the  kernel  is  perfected,  the  stone  be-  _. 
comes  hard,  and  the  vessels  cease  their  functions.  Bat  a*  * 
substance  surrounding  the  stone  is  not  then  thrown  away  si 
useless.  That  which  was  before  only  an  instrument  fe 
perfecting  the  kernel,  now  receives  and  retains  to  itself  va 
whole  of  the  sun's  influence,  and  thereby  becomes  a  grsseftl 
food  to  man.  Also  what  an  evident  mark  of  design  Isva 
stone  protecting  the  kernel!  The  intervention  of  the  sfas* 
prevents  the  second  use  from  interfering  with  the  first"-- 
uVote  of  the  Author, 
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want  of  room  to  sow  itself.  It  is  sometimes  as  neces- 
y  to  destroy  particular  species  of  plants,  as  it  is,  at 
ter  times,  to  encourage  their  growth.  Here,  as  in 
ny  cases,  a  balance  is  to  be  maintained  between  op* 
site  uses.  The  provisions  for  the  preservation  of 
ids  appear  to  be  directed  chiefly  against  the  incon- 
ncy  of  the  elements,  or  the  sweeping  destruction  of 
£ement  seasons.  The  depredation  of  animals,  and  the 
aries  of  accidental  violence,  are  allowed  for  in  the  ' 
indance  of  the  increase.  The  result  is,  that  out  of  the 
ny  thousand  different  plants  which  cover  the  earth, 
L  a  single  species,  perhaps,  has  been  lost  since  the 
ation. 

When  nature  has  perfected  her  seeds,  her  next  care 
to  disperse  them.  The  seed  cannot  answer  its  pur* 
3e  while  it  remains  confined  in  the  capsule.  After 
j  seeds  therefore  are  ripened,  the  pericarpium  opens 
let  them  out ;  and  the  opening  is  not  like  an  accidental 
rating,  but,  for  the  most  part,  is  according  to  a  certain 
e  in  each  plant.  What  I  have  always  thought  very 
traordiBary,  nuts  and  shells,  which  we  can  hardly 
tck  with  our  teeth,  divide  and  make  way  for  the  little 
ider  sprout,  which  proceeds  from  the  kernel.  Hand* 
g  the  nut,  I  could  hardly  conceive  how  the  plantule 
s  ever  to  get  out  of  it.  There  are  cases,  it  is  said,  in 
ich  the  seed-vessel,  by  an  elastic  jerk,  at  the  moment 
its  explosion,  casts  the  seeds  to  a  distance.  We  all 
raver  know,  that  many  seeds  (those  of  most  composite 
were,  as  of  the  thistle,  dandelion,  &c.)  are  endowed 
th  what  are  not  improperly  called  zvings ;  that  is, 
wny  appendages,  by  which  they  are  enabled  to  float  in  • 
j  air,  and  are  carried  oftentimes  by  the  wind  to  great 
tances  from  the  plant  which  produces  them.  It  is  the 
elling  also  of  this  downy  tuft  within  the  seed-vessel 
it  seems  to  overcome  tne  resistance  of  its  coats,  and 
open  a  passage  for  the  seed  to  escape. 
But  the  constitution  of  seeds  is  still  more  admirable 
m  either  their  preservation  or  their  dispersion.  In. 
$  body  of  the  seed  of  every  species  of  pVmt,  <k  xnckcVj 
everjr  one,  provision  is  made  for  two  grand  ^Harg«w»  \ 
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first,  for  the  safety  of  the  germ ;  secondly,  for  the  tem- 
porary support  of  the  future  plant  The  sprout,  at 
folded  up  in  the  seed,  is  delicate  and  brittle  beyond  amy 
other  substance.  It  cannot  be  touched  without  being 
broken.  Yet,  in  beans,  peas,  grass-seeds,  grain,  fruits, 
it  is  so  fenced  on  all  sides,  so  shut  up  and  protected, 
that,  whilst  the  seed  itself  is  rudely  handled,  tossed  into 
sacks,  shovelled  into  heaps,  the  sacred  particle,  As 
miniature  plant,  remains  unhurt  It  is  wonderful  ho* 
long  many  kinds  of  seeds,  by  the  help  of  their  intega- 
ments,  and  perhaps  of  their  oils,  stana  out  against  decay. 
A  grain  of  mustard-seed  has  been  known  to  lie  in  the 
earth  for  a  hundred  years ;  and,  as  soon  as  it  had  ac- 
quired a  favourable  situation,  to  shoot  as  vigorously  at  if 
just  gathered  from  the  plant.  Then,  as  to  the  second 
point,  the  temporary  support  of  the  future  plant,  As 
matter  stands  thus.  In  grain,  and  pulse,  ana  kernels; 
and  pippins,  the  germ  composes  a  very  small  part  of  the 
seed.  The  rest  consists  of  a  nutritious  substance,  froei 
which  the  sprout  draws  its  aliment  for  some  conskieraUe 
time  after  it  is  put  forth ;  viz.,  until  the  fibres,  shot  est 
from  the  other  end  of  the  seed,  are  able  to  imbibe 
juices  from  the  earth,  in  a  sufficient  quantity  for  its  de- 
mand. It  is  owing  to  this  constitution,  that  we  see 
seeds  sprout,  and  the  sprouts  make  a  considerable  pro- 
gress, without  any  earth  at  all.  It  is  an  economy,  aw, 
in  which  we  remark  a  close  analogy  between  the  seedi 
of  plants  and  the  eggs  of  animals.  The  same  point » 
provided  for,  in  the  same  manner,  in  both.  In  me  egg 
the  residence  of  the  living  principle,  the  cicatrix,  fbrss 
a  very  minute  part  of  the  contents.  The  white  and  the 
white  only  is  expended  in  the  formation  of  the  chickea, 
The  yolk,  very  little  altered  or  diminished,  is  wrapped 
up  in  the  abdomen  of  the  young  bird,  when  it  quits  the 
shell ;  and  serves  for  its  nourishment,  till  it  have  leant 
to  pick  its  own  food.  This  perfectly  resembles  the  fint 
nutrition  of  a  plant.  In  the  plant,  as  well  as  in  the 
animal,  the  structure  has  every  character  of  contrivance 
belonging  to  it :  in  both  it  breaks  the  transition  froa 
prepared  to  unprepared  aliment  \  Va.  \tt&,\tv^tosna> 
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nd  compensatory.     In  animals  which  suck,  this 
ediate   nourishment  is  supplied    by  a  different 

• 

Jl  subjects,  the  most  common  observations  are  the 
Tvhen  it  is  their  truth  and  strength  which  have 
iiem  common.  There  are,  of  this  sort,  two  con- 
g  plants,  which  it  falls  within  our  plan  to  notice. 
irst  relates  to,  what  has  already  been  touched 
their  germination.  When  a  grain  of  corn  is  cast 
e  ground,  this  is  the  change  which  takes  place, 
one  end  of  the  grain  issues  a  green  sprout ;  from 
ler,  a  number  of  white  fibrous  threads.  How  can 
!  explained  ?  Why  not  sprouts  from  both  ends  ? 
ot  fibrous  threads  from  both  ends  ?  To  what  is 
fference  to  be  referred,  but  to  design;  to  the 
at  uses  which  the  parts  are  thereafter  to  serve ; 
Inch  discover  themselves  in  the  sequel  of  the  pro- 
The  sprout,  or  plumule,  struggles  into  the  air ; 
comes  the  plant,  of  which,  from  the  first,  it  con- 
the  rudiments :  the  fibres  shoot  into  the  earth ; 
ereby  both  fix  the  plant  to  the  ground,  and  collect 
lment  from  the  soil  for  its  support.  Now,  what 
i  little  remarkable,  the  parts  issuing  from  the  seed 
leir  respective  directions,  into  whatever  position 
ed  itself  happens  to  be  cast.  If  the  seed  be 
i  into  the  wrongest  possible  position ;  that  is,  if 
is  point  in  the  ground  the  reverse  of  what  they 
to  do,  every  thing,  nevertheless,  goes  on  right. 
>rout,  after  being  pushed  down  a  little  way,  makes 
,  and  turns  upwards ;  the  fibres,  on  the  contrary, 
(looting  at  first  upwards,  turn  down.  Of  this  ex- 
nary  vegetable  feet,  an  account  has  lately  been 
•ted  to  be  given.  "  The  plumule  (it  is  said)  is 
ited  by  the  air  into  action,  and  elongates  itself 
t  is  thus  most  excited ;  the  radicle  is  stimulated 
store,  and  elongates  itself  when  it  is  thus  most 
1.  Whence  one  of  these  grows  upward  m^quest 
dapted  object,  and  the  other  downward."*   Were 

*  Darwin's  Phytologia,  p.  144. 
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this  account  better  verified  by  experiment  titan  it  is,  M 
only  shifts  the  contrivance.  It  does  not  disprove  the 
contrivance;  it  only  removes  it  a  little  farther  bask 
Who,  to  use  our  author's  own  language,  "  adapted  i&m 
objects  ?"  Who  gave  such  a  quality  to  these  rnmnsto 
parts,  as  to  be  susceptible  of  different  "  stimulation  ;M  if 
to  be  "  excited  "  each  only  by  in  own  element,  and  pav 
cisely  by  that  which  the  success  of  the  vegetation  re- 
quires ?  I  say,  "  which  the  success  of  the  hwih  iali— 
requires :"  for  the  toil  of  the  husbandman  would  ha* 
been  in  vain,  his  laborious  and  expensive  preparation  ef 
the  ground  in  vain ;  if  the  event  mutt,  after  all,  depend 
upon  the  position  in  which  the  scattered  seed  was  sown 
Not  one  seed  out  of  a  hundred  would  mil  in  a.  light 
direction. 

Our  second  observation  w  upon  a  general  property  d 
climbing  plants,  which  is  strictly  mechanical,  la  the* 
plants,  from  each  knot  or  joint,  or,  as  botanists  call  ft, 
axilla,  of  the  plant,  issue,  close  to  each  other,  tft 
shoots,  one  bearing  the  flower  and  fruit,  the  other  drM 
out  into  a  wire,  a  long,  taperingr  spiral  tendril,  that 
twists  itself  round  anything  which  lies  within  Us  warn. 
Considering  that  in  this  class  two  purposes  are  rob* 
provided  for  (and  together),  fructification  and  support, 
the  fruitage  of  the  plant  and  the  sustentation,  of  the 
stalk,  what  means  could  be  used  more  effectual,  or,  » 
I  have  said,  more  mechanical,  than  what  this  struct** 
presents  to  our  eyes  ?  Why,  or  how,  without  a  «r 
to  this  double  purpose,  do  two  shoots,  of  such  difluwat 
and  appropriate  forms,  spring  from  the  same  joint,  fine  -> 
contiguous  points  of  the  same  stalk  ?  It  never  nappes)  ^ 
thus  in  robust  plants,  or  in  trees.  "  We  see  not,"  asp  "^ 
Hay,  "  so  much  as  one  tree,  or  shrub,  or  herb,  fist 
haul  a  firm  and  strong  stem,  and  that  is  able  to  mssst 
up  and  stand  alone  without  assistance,  furnished  tsU 
these  tendrils."  Make  only  so  simple  a  comparison  si 
that  between  a  pea  and  a  bean.  Why  does  the  pea  pat 
forth  tendrils,  the  bean  not  ?  but  because  the  stalk  sf 
the  pea  cannot  support  itself,  the  stalk  of  the  bean  eat 
Wo  may  add  also,  as  a  circumstance  not  to  be  on** 
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that,  in  the  pea  tribe,  these  clasps  do  not  make 
►pearance  till  they  are  wanted — till  the  plant  hat 
:o  a  height  to  stand  in  need  of  support, 
word  "  support"  suggests  to  us  a  reflection  upon 
rty  of  grasses,  of  eorn,  and  canes.  The  hollow 
f  these  classes  of  plants  are  set  at  certain  inter* 
th  joints.  These  joints  are  not  found  in  the 
>f  trees,  or  in  die  solid  stalks  of  plants.  There 
other  uses  of  these  joints;  hut  the  fact  is,  and  it 
to  he  at  least  one  purpose  designed  by  them, 
y  corroborate  the  stem,  which  by  its  length  and 
ess  would  otherwise  be  too  liable  to  break  or 

aet  are  Nature's  care.  With  these  she  clothes 
a — with  these  she  sustains  its  inhabitants.  Cattle 
m  their  leaves— birds  upon  their  smaller  seeds— 
on  the  larger ;  for  few  readers  need  be  told  that 
ts  which  produce  our  bread  eorn  belong  to  this 
In  those  tribes  which  are  more  generally  con* 
is  grasses,  their  extraordinary  means  and  powers 
rvation  and  increase,  their  hardiness,  their  almost 
lerable  disposition  to  spread,  their  faculties  of 
aace,  coincide  with  the  intention  of  Nature  con* 
them.  They  thrive  under  a  treatment  by  which 
ants  are  destroyed.  The  more  their  leaves  are 
d,  the  more  their  roots  increase.  The  more  they 
ipled  upon,  the  thicker  they  grow.  Many  of  the 
ly  dry  and  dead  leaves  of  grasses  revive,  and 
ieir  verdure  in  the  spring.86  In  lofty  mountains, 
tie  summer  heats  are  not  sufficient  to  ripen  the 
grasses  abound  which  are  viviparous,  and  eonse- 
able  to  propagate  themselves  without  seed.  It 
iervation  likewise  which  has  often  been  made, 
bivorous  animals  attach  themselves  to  the  leaves 
es,  and  if  at  liberty  in  their  pastures  to  range 

e,tobe  correct,  we  should  read  "  Many  grasses  whose 
•e  so  dry  and  withered  that  the  plants  appear  dead* 
ad  renew  their  existence  in  the  spring  %  \>w&&a% 
w  leaves  from  the  bosom  of  the  former  one*?' 
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and  choose,  leave  untouched  the  straws  which  support 
the  flowers.* 

The  general  properties  of  vegetable  nature,  or  pro- 
perties common  to  large  portions  of  that  kingdom,  are 
almost  all  which  the  compass  of  our  argument  allows  as 
to  bring  forward.  It  is  impossible  to  follow  plants  into 
their  several  species.  We  may  be  allowed,  however,  to 
single  out  three  or  four  of  these  species  as  worthy  of  i 

E articular  notice,  either  by  some  singular  mechanism,  or 
y  some  peculiar  provision,  or  by  both. 

I.  In  Dr.  Darwin's  *  Botanic  Garden '  (1.  395,  note) 
is  the  following  account  of  the  vallisneria,  as  it  has  been 
observed  in  the  river  Rhone : — "  They  have  roots  at  tbe 
bottom  of  the  Rhone.  The  flowers  of  the  female  plant 
float  on  the  surface  of  the  water,  and  are  furnished  who 
an  elastic  spiral  stalk,  which  extends  or  contracts  as  the 
water  rises  or  falls — this  rise  or  fall,  from  the  torrents 
which  flow  into  the  river,  often  amounting  to  many  feet 
in  a  few  hours.  The  flowers  of  the  male  plant  are  pro- 
duced under  water ;  and  as  soon  as  the  fecundating  ft 
rina  is  mature,  they  separate  themselves  from  the  plant, 
rise  to  the  surface,  and  are  wafted  by  the  air,  or  hone 
by  the  currents,  to  the  female  flowers."  Our  attention 
in  this  narrative  will  be  directed  to  two  particulars :  first, 
to  the  mechanism,  the  "  elastic  spiral  stalk,"  whki 
lengthens  or  contracts  itself  according  as  the  water  ri« 
or  falls :  secondly,  to  the  provision  which  is  made  fir  * 
bringing  the  male  flower,  wnich  is  produced  under  water, 
to  the  female  flower,  which  floats  upon  the  surface, 

II.  My  second  example  I  take  from  Withering*s  '  .Ar- 
rangement,' vol.  ii.  p.  209,  ed.  3.   "  The  Cuscuta  J$0» 
pcea  is  a  parasitical  plant.     The  seed  opens,  and  pal 
forth  a  little  spiral  body,  which  does  not  seek  the  earth 
to  take  root,  but  climbs  in  a  spiral  direction,  from 
to  left,  up  other  plants,  from  which,  by  means  of 
it  draws  its  nourishment."    The  "  little  spiral 
proceeding  from  the  seed  is  to  be  compared  with  ml  IJj 
fibres  which  seeds  send  out  in  ordinary  cases ;  and  thi  |[r 

*  Withering,  Bot.  Axr.,  ^o\.  \.  ^.  1%,  ^u^sA. 
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it  to  regard  both  the  form  of  the  threads 
irection.  They  are  straight ;  this  is  spiral. 
t  downwards;  this  points  upwards.  In  the 
the  exception  we  equally  perceive  design," 

atement  is  incorrect  TV  hen  the  seed  of  cuscuta 
its  forth  a  little  thread-shaped  body,  namely,  a 

which,  as  in  other  plants,  plunges  into  the  earth, 
he  opposite  end  elevates  a  young  and  slender 

latter,  after  a  little  while,  applies  itself  to  soma 
tg  plant,  and  emits  very  short  broad  suckers  on 
is  stem,  -which  is  placed  in  contact  with  the  other 
hese  suckers  it  fastens  itselfnpon  the  new  branch, 
h  it  twines,  and  as  soon  as  it  is  secure  in  its  new 
sot  perishes,  and  it  ceases  to  have  any  communi- 

tbe  earth.    This  property  in  the  cnscnta  seems 

it  in  consequence  of  its  root  not  having  the  power 
arts  usually  possess  of  branching,  lengthening, 
ing  nutriment  from  the  earth.  If  the  cuscuta 
nates  at  a  distance  from  any  living  branch  to 
n  adhere,  it  elevates  its  stem  for  a  short  time  in 
then  dies.  If  it  is  so  placed  as  to  be  able  to  come 
i\y  with  dead  branches,  still  it  dies;  and  ilia  crc&J 
tn/s  in  filing  itself  upon  a  living  branch,  thai.  A 
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III.  A  better  known  parasitical  plant  is  the  evergreen 
shrub,  called  the  misseltoe.  What  we  have  to  remark  m 
it  is  a  singular  instance  of  compensation.  No  art  hath 
yet  made  these  plants  take  root  in  the  earth.  Here, 
therefore,  might  seem  to  be  a  mortal  defect  in  their  con- 
stitution. Let  us  examine  how  this  defect  is  made  up 
to  them.  The  seeds  are  endued  with  an  adhesive  quality 
so  tenacious,  that,  if  they  be  rubbed  upon  the  smooth 
bark  of  almost  any  tree,  they  will  stick  to  it.  And  then 
what  follows  ?  Roots,  springing  from  these  seeds,  in- 
sinuate their  fibres  into  the  woody  substance  of  the  tree; 
and  the  event  is,  that  a  misseltoe  plant  is  produced  next 
winter.*  Of  no  other  plant  do  the  roots  refuse  to  shoot 
in  the  ground ;  of  no  other  plant  do  the  seeds  posses 
this  adhesive,  generative  quality,  when  applied  to  the 
bark  of  trees.88 

IV.  Another  instance  of  the  compensatory  system  is 
in  the  autumnal  crocus*  or  meadow  saffron  (coichiam 
autumnale).  I  have  pitied  this  poor  plant  a  thousand 
times.  Its  blossom  rises  out  of  the  ground  in  the  meet 
forlorn  condition  possible  ;  without  a  sheath,  a  fence,  a 
calyx,  or  even  a  leaf  to  protect  it :  and  that,  not  in  tfcf 
spring  not  to  be  visited  by  summer  suns,  but  under  all 
the  disadvantages  of  the  declining  year.  When  we  cone, 
however,  to  look  more  closely  into  the  structure  of  tail 
plant,  we  find  that,  instead  of  its  being  neglected, 
Nature  has  gone  out  of  her  course  to  provide  for  its  s»* 
curity ,  and  to  make  up  to  it  for  all  its  defects.  ^  Tin 
seed-vessel,  which  in  other  plants  is  situated  within  thf 
cup  of  the  flower,  or  just  beneath  it,  in  this  plant  Bel 

emits  its  suckers  and  continues  to  exist  Once  attached  to  fli  * 
living  stem  of  another  plant,  it  takes  that  for  its  base,  asd  Ej 
turning  round  once  or  twice,  then  darts  forth  in  a  stndjAl 
line,  touches  something  else  which  it  also  fixes  in  its  ftfibj 
and  thus  travels  from  plant  to  plant,  sometimes  covering  I 
very  considerable  extent  of  bushes. 

88  These  statements  are  true,  not  only  of  the  misseltoe  Of 
viscum  actum,  but  of  the  whole  natural  order  Zorantkaetk 
with  one  exception. 

*  Withering,  Bot  Arr.,  ^o\.  V.  ^.  ^<»,  «&.  tod. 
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hes  undergroawl  within  the 
bote  root.  The  tub*  of  the  flower,  which  is  seldom 
•e  than  a  few  tenths  of  an  inch  long,  in  this  plant  ex- 
is  down  to  the  root.  The  styles  in  all  cases  reach 
seed-vessel ;  but  it  is  in  this  by  an  elongation  un- 
ihb  to  any  other  plant.  All  these  singularities  con- 
rute-ta  one  end.  "  As  this  plant  blossoms  late  in  the 
r,  and  probably  would  not  hare  time  to  ripen  its  seeds 
m  the  access  of  winter,  which  would  destroy  them, 
■videoce  has  contrived  its  structure  such,  that  this 
wjrtant  office  may  be  performed  at  a  depth  in  the  earth 
of  reach  of  the  usual  effects  of  frost."*  That  if  to 
,  in  the  autumn  nothing  is  done  above  ground  but 
business  of  impregnation ;  which  is  an  affiiir  between 
antiiene  and  the  stigmata,  and  is  probably  soon  over. 
e  maturation  of  the  impregnated  seed,  which  in  other 
its  proceeds  within  a  capsule,  exposed  together  with 
rest  of  the  flower  to  the  open  air,  is  here  carried  on, 
during  the  whole  winter,  within  the  heart,  u  we 

*  Withering,  nbi  supra,  p.  360. 
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may  say,  of  the  earth,  that  if,  "out  of  tiie  reach 
usual  effects  of  frost/'  But  then  a  new  difficult 
sents  itself.  Seeds,  though  perfected,  are  know 
to  vegetate  at  this  depth  in  the  earth.  Our  . 
therefore,  though  so  safely  lodged,  would,  after  a 
lost  to  the  purpose  for  which  all  seeds  are  inte 
Lest  this  should  be  the  case,  "  a  second  admirabl 
vision  is  made  to  raise  them  above  the  surface 
they  are  perfected,  and  to  sow  them  at  a  prope 
tance :"  viz.,  the  germ  grows  up  in  the  spring,  v 
fruit-stalk,  accompanied  with  leaves.  The  seeds 
in  common  with  those  of  other  plants,  have  the  b 
of  the  summer,  and  are  sown  upon  the  surface, 
order  of  vegetation  externally  is  this : — the  plan' 
duces  its  flowers  in  September ;  its  leaves  and  fn 
the  spring  following. 

V.  I  give  the  account  of  the  dioncea  muscipu 
extraordinary  American  plant,  as  some  late  author 
related  it :  but  whether  we  be  yet  enough  acqu 
with  the  plant  to  bring  every  part  of  this  acco 
the  test  of  repeated  and  familiar  observation,  I  ai 
able  to  say.  "  Its  leaves  are  jointed,  and  furnishe< 
two  rows  of  strong  prickles  ;  their  surfaces  covered 
a  number  of  minute  glands,  which  secrete  a 
liquor  that  allures  the  approach  of  flies.  When 
parts  are  touched  by  the  legs  of  flies,  the  two  lo 
the  leaf  instantly  spring  up,  the  rows  of  prickle 
themselves  fast  together,  and  squeeze  the  unwary  t 
to  death."  *  Here,  under  a  new  model,  we  rec< 
the  ancient  plan  of  nature,  viz.,  the  relation  of  par 
provisions  to  one  another,  to  a  common  office,  and 
utility  of  the  organized  body  to  which  they  b< 
The  attracting  syrup,8*  the  rows  of  strong  prickles 
position  so  as  to  interlock  the  joints  of  the  leaves  : 
what  is  more  than  the  rest,  that  singular  irritabi 

89  From  this  account  must  be  omitted  what  is  said 
syrup  that  allures  the  approach  of  flies/  There  is  nc 
attraction  upon  the  leaves  of  the  diouaea. 

*  Smellie's  Phil,  of  Nat  Hist,  vol.  i.  p.  5. 
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their  surfaces,  by  wnich  tney  close  at  a  touch  ;  all  beir 
a  contributory  put  in  producing  an  effect,  connected 
either  with  the  defence  or  with   the  nutrition  of  the 

40  The  pitcher-plant,  nepattliet  dittillatoria,  of  the  East, 
la  another  example  which  may  be  given.  It  grows  natural 
pitchers  or  tankards,  holding  from  a  pint  to  a  qnart  of  para 
■water.  Even  when  railed  in  this  country  under  glass,  they 
have  been  known  to  hold  half-arpint     The  plate  repre- 


sents these,  with  their  lids  AA,  which  move  on  hi 
■opening  in  moist  weather,  and  shutting  quite  close  in  d 
E>*event  evaporation.  When  the  pitcher  becomes  M 
st-rf  aires  additional  rapport,  the  hook  A  behind.  live  tiA 
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CHAPTER  XXL 


or  we  come  to  the  elements,  -we  take  leave  of  oar 

tames ;  became  we  come  to  those  tilings,  of  the 

lizatkm  of  which,  if  they  be  organized,  we  are  con- 

dly  ignorant.    This  ignorance  is  implied  by  their 

;.    To  say  the  truth,  our  investigations  are  stopped 

before  we  arrive  at  this  point.     But  then  it  is  for 

x>mfort  to  find,  that  a  knowledge  of  die  constitution 

e  elements  is  not  necessary  for  us.    For  instance, 

ddisoa  has  well  observed,  "  we  know  water  suffi- 

ly,  when  we  know  how  to  boil,  bow  to  freeze,  how 

aporate,  how  to  make  it  fresh,  how  to  make  it  run 

rat  out,  in  what  quantity  and  direction  we  please, 

ut  knowing  what  water  is."    The  observation  of 

eellent  writer  has  more  propriety  in  it  now,  than 

at  the  time  it  was  made ;  for  the    constitution 

e  constituent  parts  of  water  appear  in  some  mea- 

have  been  lately  discovered ;  yet  it  does  not,  I 

ppear,  that  we  can  make  any  better  or  greater 

ater  since  the  discovery  than  we  did  before  it. 

in  never  think  of  the  elements,  without  reflecting 

number  of  distinct  uses  which  are  consolidated 

ime  substance.    The  air  supplies  the  lungs, 

ire,  conveys  sound,  reflects  light,  diffuses  smells, 

,  wafts  ships,  bears  up  birds.     'E£  ftaros  r* 

ter,  besides  maintaining  its  own  inhabitants,  is 

al  nourisher  of  plants,  and  through  them  of 

nimals ;  is  the  basis  of  their  juices  and  fluids ; 

r  food ;   quenches  their  thirst ;  floats  their 

?ire  warms,  dissolves,  enlightens :  is  the  great 

vegetation  and  life,  if  not  necessary  to  tab 

to. 


72  NATURAL  THEOLOGY. 

We  might  enlarge,  to  almost  any  length  we  p 
upon  each  of  these  uses ;  but  it  appears  to  me,  i 
sufficient  to  state  them.  The  few  remarks,  which  I  judge 
it  necessary  to  add,  are  as  follow  : — 

I.  Air  is  essentially  different  from  earth.  There 
appears  to  be  no  necessity  for  an  atmosphere's  investing 
our  globe;  yet  it  does  invest  it:  and  we  see  how  many, 
how  various,  ami  how  important  are  the  purpose*  whicn 
it  answers  to  every  order  of  animated,  not  to  say  of 
organized,  beings,  which  are  placed  upon  the  terrestrial 
surface.  I  think  that  every  one  of  these  uses  will  b> 
understood  upon  the  first  mention  of  them,  except  it  be 
that  of  reflecting  light,  which  may  be  explained  thus:— 
If  I  had  the  power  of  seeing  only  by  means  of  raji 
coming  directly  from  the  sun,  whenever  I  turned  nj 
back  upon  the  luminary,  I  should  find  myself  in  darit- 
ness.  If  1  had  the  power  of  seeing  by  reflected  light, 
yet  by  means  only  of  light  reflected  from  solid  matatr 
these  masses  would  shine  indeed,  and  glisten,  bat 
would  be  in  the  dark.  The  hemisphere,  the  sky,  tin 
world,  could  only  hv  illimiiivtleiJ,  n-.-  it  is  illuminated, by 
the  light  of  the  sun  being  from  all  sides,  and  in  etery 
direction,  reflected  to  tin:  eye,  by  particles,  as  numerous 
as  thickly  scattered,  aii'l  ;io  v.iiiolv  disiusfd,  as  are  ' 
of  the  air. 

Another  general  qualiiv  of  die  atmosphere  Utheposv 
of  evaporating  fluids.     The  adjustment  of  this  quality  * 
our  use  is  seen  in  its  action  upon  the  sea.     In  the  Ml, 
water  and  salt  arc  mixed   together  most  intimately ;  jet 
the  atmosphere  raises  the  water,  and  leaves  the 
Pure  and  fresh  as  drops  of  rain  descend,  they  are 
lectod  from  brine.     If  evaporation  be  solution  (whirl 
seems  to  be  probable),  then  the  air  dissolves  the  water, 
and  not  the  salt.     Upon  whatever  it  be  founded,  the  dit 
tinetion  is  critical :  so  much  so,  that  when  we  attempt 
imitate  the  process  by  art,  we  must  regulate  our  distill 
tion  with  great  care  and  nicety,  or,  together  with  t 
water,  we  get  the  bitterness,  or  at  least  the  distasf' 
ness,  of  the  marine  substance ; — and,  after  all,  it  ii ' 


NATUBAL  THEOLOGY.  73- 

he  separation  which  we  wish,  by  any  art  or  means 

er. 

evaporation,  water  is  carried  up  into  the  air :  by 

lverse  of  evaporation,  it  falls  down  upon  the  earth. 

ow  does  it  fail  ?    Not  by  the  clouds  being  all  at 

•e-converted  into  water,  and  descending  like  a 

not  in  rushing  down  in  columns  from  a  spout ; 
moderate  drops,  as  from  a  colander.  Our  water- 
i  are  made  to  imitate  showers  of  rain.    Yet,  & 

I  should  have  thought  either  of  the  two  former 
Is  more  likely  to  have  taken  place  than  the  last, 
respiration,  flame,  putrefaction,  air  is  rendered 
>r  tne  support  of  animal  life.  By  the  constant 
on  of  these  corrupting  principles,  the  whole 
•here,  if  there  were  no  restoring  causes,  would 
t  length  to  be  deprived  of  its  necessary  degree 
ty.  Some  of  these  causes  seem  to  have  been  dis- 
1,  and  their  efficacy  ascertained  by  experiment; 
far  as  the  discovery  has  proceeded,  it  opens  to  us 
tiful  and  a  wonderful  economy.  Vegetation  proves 
ne  of  them.  A  sprig  of  mint,  corked  up  with  a 
wrtion  of  foul  air,  placed  in  the  light,  renders  it 
rapable  of  supporting  light  or  flame.  Here,  there- 
■  a  constant  circulation  of  benefits  maintained  be- 
the  two  great  provinces  of  organized  nature.  The 
unifies  what  the  animal  has  poisoned ;  in  return, 
itaminated  air  is  more  than  ordinarily  nutritious  to 
nt41  Agitation  with  water  turns  out  to  be  ano- 
de experiments  of  Priestley,  confirmed  by  those  of 
ouz  and  Saussure,  led  to  the  conclusion  that  the  air  is 
re  by  the  action  of  plants,  these  emitting  more  oxygen 
day  than  carbonic  acid  gas  by  night  Some  doubt 
own  upon  this  point  by  the  experiments  of  Mr.  Ellis ; 
se  appear  to  have  been  removed  by  Sir  H.  Davy's 
s  and  experiments.  It  seems  probable  that  the  plant, 
5  in  the  light,  decomposes  both  the  carbonic  acid 
exists,  though  in  a  very  small  proportion,  in  the  at- 
re,  and  also  any  that  may  exist  in  the  water  a^lved. 
leaves ;  for  Sennebier  found  that  ^w\\en  tan&  *£* 
edin  water  impregnated  with,  catbomfc  acA>ox^ca. 
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ther  of  these  restoratives.    The  foulest  air 
bottle  with  water  for  a  sufficient  length  of  ti 

eg  was  evolved,  but  not  if  water  was  used  wl 
iled. 

The  process  of  vegetation  appears  to  be  the  g 
supplying  the  loss  of  oxygen  in  the  atmosp] 
none  other  have  been  as  yet  discovered.  Thi 
of  the  atmosphere,  in  respect  of  purity,  thong 
supposed  to  vary  in  different  places,  is  now  asc< 
everywhere  invariably  the  same.  It  contains  a 
of  oxygen  gas,  by  measure,  in  100,  and  the  rem 
almost  entirely  nitrogen  gas.  The  only  variai 
slight  portion  of  carbonic  acid  gas,  which  never 
100,  and  is  seldom  more  than  1  in  1000,  snppt 
eolation  of  the  air  to  be  unconfined.  But  the 
oxygen  to  the  whole  bulk  has  been  found  to  be 
nearly  22,000  feet  high,  and  in  the  deepest 
same  in  countries  widely  remote  from  each  o 
faring  in  climate  as  well  as  soil ;  the  same  in  tt 
lential  marshes,  or  in  hospitals,  and  in  the  m 
healthy  situations.  The  agitation  of  the  a 
speedily  mixes  all  its  strata,  and  prevents  t 
breathing  and  burning  from  being  perceived 
stant  consumption  of  oxygen  is  going  on,  where 
either  living  creatures  of  the  hot-blooded  clai 
any  kind,  natural  or  artificial ;  and  this  is  so 
the  process  of  vegetation,  that  the  uniformity 
composition  is  maintained  universally. 
^  The  union  in  which  the  oxygenous  and  nitr 
tions  of  the  atmosphere  exist,  also  merits  att 
ascertained  to  be  of  a  peculiar  kind;  for  it 
that  of  mechanical  admixture — the  union  of  a 
inasmuch  as  the  nitrogen  gas,  being  about  a 
lighter  than  the  oxygen,  would  rise  to  the  top, 
the  air  of  higher  elevations  more  pure,  contrai 
Nor  is  it  like  most  other  chemical  unions,  inasi 
both  extremely  feeble,  and  is  formed  without  ai 
in  the  bulk  of  the  two  substances  combined  tc 
the  kind  of  union  in  which  the  two  gases  ar 
ductive  of  the  most  beneficial  effects.  Their  d 
from  each  other  is  so  easily  accomplished,  thi 
greatest  ftcility  in  supporting  flame  and  res^u 
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j  gratt  decree  of  its  purity.48  Here  then  again,  allowii 
or  the  scale  upon  which  nature  works,  we  see  the  sail 
ary  effects  or  ttorwu  and  tempests.    The  yesty  wave 
■inch  confound  the  heaven  and  the  sea,  are  doing  the 
wry  thing  which  was  done  in  the  bottle.    Nothing  can 
m  of  greater  importance  to  the  living  creation*  than  the 
arabnty  of  their  atmosphere.    It  ought  to  reconcile  us, 
herefore,  to  the  agitations  of  these  elements*  ef  which  we 
ometime*  deplore  the  consequences,  to  know  that  they 
and  powerfully  to  restore  to  the  air  that  purity  which 
0  many  causes  are  constantly  impairing. 

JI*  In  Water,  what  ought  not  a  little  to  be  admired, 

re  those  negative  qualities  which  constitute  its  purity. 

lad  it  been  vinous,  or  oleaginous,  or  acid ;  had  the  sea 

pen  filled,  or  the  rivers  flowed,  with  wine  or  milk,  fish, 

wstituted  as  they  are,  must  have  died ;  plants,  coasti- 

sted  as  they  are,  would  have  withered;  the  lives  of 

nimala  which  feed  upon  plants  must  have  perished.    Its 

ery  wmpidityy  which  is  one  of  those  negative  qualities, 

nders  it  the  best  of  all  menstrua.    Having  no  taste  of 

own,  it  becomes  the  sincere  vehicle  of  every  other. 

id  there  been  a  taste  in  water,  be  it  what  it  might,  it 

uld  have  infected  every  thing  we  ate  or  drank,  with 

importunate  repetition  of  the  same  flavour. 

jiother  thing  in  this  element,  not  less  to  be  admired, 

le  constant  round  which  it  travels;  and  by  which, 

out  suffering  either  adulteration  or  waste,  it  is  con- 

mixture  is  so  perfect,  that  the  mischiefs  are  prevented 

would  arise  from  their  being  exhibited  either  to  the 

>r  to  heated  bodies  in  their  pure  state. 

tat  agitation  with  water  will  remove  certain  imparities 

ir  is  undeniable,  but  not  all  impurities.    Animals  by 

g  consume  the  oxygen,  leaving  carbonic  acid  gas 

>gen  gas.   Water  absorbs  the  former  easily,  and  bulk 

'  but  of  the  latter  it  will  only  absorb  H  per  cent 

?  products  of  putrefaction,  (beside  carbonic  acid,) 

>d  hydrogen,  and  sulphuretted   hydrogen  gases, 

absorb  of  the  latter  bulk  for  balk,  but  not  abox* 

-« of  the  former. 
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tinually  offering  itself  to  the  wants  of  the  habitable 
globe.     From  the  sea  are  exhaled  those  vapours  whxfc 
form  the  clouds :  these  clouds  descend  in  showers,  wbkfc, 
penetrating  into  the  crevices  of  the  hills,  supply  spriflgK 
which  springs  flow  in  little  streams  into  the  vafleys ;  ■■ 
there  uniting,  become  rivers ;  which  rivers,  in  retsi 
feed  the  ocean.    So  there  is  an  incessant  circulfiioa 
the  same  fluid ;  and  not  one  drop  probably  more  or 
now  than  there  was  at  the  creation.    A  particle  of  w 
takes  its  departure  from  the  surface  of  the  sea,  in  orfr 
to  fulfil  certain  important  offices  to  the  earth ;  and  htffcf 
executed  the  service  which  was  assigned  to  it,  return  i 
the  bosom  which  it  left. 

Some  have  thought  that  we  have  too  much  water  ufl 
the  globe,  the  sea  occupying  above  three-quarters  «  fc 
whole  surface.  But  the  expanse  of  ocean,  immense  sjt 
is,  may  be  no  more  than  sufficient  to  fertilize  the  aA 
Or,  independently  of  this  reason,  I  know  not  wfafAl 
sea  may  not  have  as  good  a  right  to  its  place  as  tbeks* 
It  may  proportionally  support  as  many  inhabWM 
minister  to  as  large  an  aggregate  of  enjoyment  *nl 
land  only  affords  a  habitable  surface;  the  sea  is  habU** 
to  a  great  depth.  |ft^ 

III.  Of  Fire,  we  have  said  that  it  dissolves.  j*L 
only  idea  probably  which  this  term  raised  in  the  te0&*\ 
mind,  was  that  of  fire  melting  metals,  resins,  and  *g^ 
other  substances,  fluxing  ores,  running  glass,  and  aafl^*"J 
us  in  many  of  our  operations,  chemical  or  cnl^^jS 
Now  these  are  only  uses  of  an  occasional  kind,  anal  EJ 
us  a  very  imperfect  notion  of  what  fire  does  for  us. 
grand  importance  of  this  dissolving  power,  the 
office  indeed  of  fire  in  the  economy  of  nature,  is  ~ 


things  in  a  state  of  solution — that  is  to  say,  in  a  stss>^ 
fluidity.  Were  it  not  for  the  presence  of  heat,  or  J2L 
certain  degree  of  it,  all  fluids  would  be  frozen.  -JJ 
ocean  itself  would  be  a  quarry  of  ice ;  universal  ns**^ 
stiff  and  dead. 

We  see,  therefore,  that  the  elements  bear  not  ooJ/j 
strict  relation  to  the  constitution  of  organized  bodies,  "^ 
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don  to  each  other.     Water  could  not  perform 
to  the  earth  without  air ;  nor  exist,  as  water,  wi. 


«« 


.  Of  Light  (whether  we  regard  it  as  of  the  san 
mce  with  fire,  or  as  a  different  substance),  it 
jther  superfluous  to  expatiate  upon  the  use.    N 
disputes  it    The  observations,  therefore,  which  J 
offer,  respect  that  little  which  we  seem  to  know  oi 
QStrtution. 

?ht  travels  from  the  sun  at  the  rate  of  twelve  mil- 
of  miles  in  a  minute.  Urged  by  such  a  velocity, 
what  force  must  its  particles  drive  against  (I  will 
ly  the  eye,  the  tenderest  of  animal  substances,  but) 
substance,  animate  or  inanimate,  which  stands  in 
ly  1  It  might  seem  to  be  a  force  sufficient  to  shatter 
tms  the  hardest  bodies. 

>w  then  is  this  effect,  the  consequence  of  such  pro- 
is  velocity,  guarded  against  ?  By  a  proportionable 
teness  of  the  particles  of  which  light  is  composed, 
impossible  for  the  human  mind  to  imagine  to  itself 
ling  so  small  as  a  particle  of  light.  But  this  ex- 
exility,  though  difficult  to  conceive,  it  is  easy  to 
A  drop  of  tallow,  expended  in  the  wick  of  a 

e  conducting  powers  of  different  substances  are  beau- 

dapted  to  the  wants  of  the  animal  and  vegetable 

.    Snow  is  so  bad  a  conductor,  that  it  protects  the 

ffectually  in  rigorous  climates.    It  is  said  that  in 

\ere  have  been  known  to  be  as  many  as  38  degrees 

sit)  of  difference  between  the  temperature  of  the 

hat  of  the  ground  under  the  snow ;  the  latter  not 

ed  much  below  the  freezing  point.    So,  too,  the 

uch,  transported  to  warmer  climates,  becomes 

th  hair,  has  in  its  own  cold  country  a  woolly 

id  this  conducts  heat  so  slowly  as  to  accumulate 

•aspiration  is  continually  producing. 

liarity  which  distinguishes  water  from  other 

»zing,  likewise  merits   attention.    It  expands, 

tinning  to  contract,  when  cooled  to  the  freezing 

is  has  the  useful  effect  of  crumbling  earth  una 

as  to  render  them  At  for  assisting  the  pxooeaa 
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farthing  candle,  shall  send  forth  rays  sufficient 
hemisphere  of  a  mile  diameter;  and  to  fill  it  bo 
these  rajs,  that  an  aperture  not  larger  than  the  r 
an  eye,  wherever  it  be  placed  within  the  hemt 
shall  be  sure  to  receive  some  of  them.  What  fit 
light  are  continually  poured  from  the  sun,  we 
estimate  ;  but  the  immensity  of  the  sphere  which  : 
with  particles,  even  if  it  reached  no  farther  than  ti 
of  the  earth,  we  can  in  some  sort  compute ;  and  v 
reason  to  believe,  that,  throughout  this  whole  regi 
particles  of  light  He,  in  latitude  at  least,  near  to  o: 
ther.  The  spissitudo  of  the  sun's  rays  at  the  e 
such,  that  the  number  which  falls  upon  a  burnin 
of  an  inch  diameter,  is  sufficient,  when  concentra 
set  wood  on  fire. 

The  tenuity  and  the  velocity  of  particles  of  li 
ascertained  by  separate  observations,  may  be  sail 
proportioned  to  each  other,  both  surpassing  our 
stretch  of  comprehension  ;  but  proportioned.  A 
this  proportion  alone  which  converts  a  tremendc 
ment  into  a  welcome  visiter. 

It  has  been  observed  to  me  by  a  learned  fric 
having  often  struck  bis  mind,  that,  if  light  hai 
made  by  a  common  artist,  it  would  have  been 
uniform  colour :  whereas,  by  its  present  compositi 
have  that  variety  of  colours  which  is  of  such  info 
10  us  for  the  distinguishing  of  objects;  which  a 
much  to  the  beauty  of  the  earth,  and  augments  th 
of  our  innocent  pleasures. 

With  which  may  be  joined  another  reflection,  viz.- 
considcring  light  as  compounded  of  rays  of  seven  di 
colours  (of  which  there  can  be  no  doubt,  because 
be  resolved  into  these  rays  by  simply  passing  it  tl 
a  prism),  the  constituent  parts  must  be  well  mix 
blended  together,  to  produce  a  fluid  so  clear  and  i 
less  as  a  beam  of  light  is,  when  received  from  the 

The  substitution  of  the  nndulatory  for  the  atomic 

"*"*  would  produce  no  alteration  whatever  in  the  a; 

'    o  far  from,  j,jgMashm%, ttejalA  rati 


oflurht 
MncuWi 
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astonishment  which  the  phenomena  of  Optics  arc 
to  excite.  The  same  may  be  said  of  the  disco- 
le  partly  since  Dr.  Paley's  time,  partly  imme- 
>re  the  composition  of  his  work,  of  the  two  other 
ys  which  accompany  those  of  light ;  the  calorific, 
king,  which  partly  mix  with  the  colorific,  or 
ing,  of  the  spectrum,  and  partly  fall  beyond  the 
gible  rays ;  and  the  chemical,  which  affect  certain 
is,  without  either  producing  illumination  or  ex- 
and  which  are  to  be  found  among  and  beyond 
efrangible  rays :  So  that  a  beam  of  white  light 
three  kinds  of  ray,  and  one  of  these  kinds  consists 
lbdivisions,  at  least  according  to  the  Newtonian 
ich  divides  the  colours  into  seven  instead  of  innu* 
idations  of  shades. 


B« 
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CHAPTER  XXII. 

ASTRONOMY.* 

My  opinion  of  Astronomy  has  always  been  that  it  is  Ml 
the  best  medium  through  which  to  prove  the  agency  sf 
an  intelligent  Creator;  but  that,  this  being  proved, § 
shows,  beyond  all  other  sciences,  the  magnificence  ef  Ml 
operations.  The  mind  which  is  once  convinced,  it 
to  sublimer  views  of  the  Deity  than  any  other  aribjpt 
affords ;  but  it  is  not  so  well  adapted  as  some  other  «b* 
jects  are  to  the  purpose  of  argument.  We  are  destih* 
of  the  means  of  examining  the  constitution  of  the  ha> 
venly  bodies.  The  very  simplicity  of  their  appeanMD 
is  against  them.  We  see  nothing  but  bright  poanfcj 
luminous  circles,  or  the  phases  of  spheres  reflecting  thl 
light  which  falls  upon  them.  Now  we  deduce  deqp 
from  relation,  aptitude,  and  correspondence  of  park 
Some  degree,  therefore,  of  complexity  is  necessary  to 
render  a  subject  fit  for  this  species  of  argument.  But  tsi 
heavenly  bodies  do  not,  except  perhaps  in  the  instmsi 
of  Saturn's  ring,  present  themselves  to  our  observstioi 
as  compounded  of  parts  at  all.  This,  which  may  bet 
perfection  in  them,  is  a  disadvantage  to  us,  as  inqusto 

*  For  the  articles  of  this  chapter  marked  with  an  asterisk 
I  am  indebted  to  some  obliging  communications  reeefa* 
(through  the  hands  of  the  Lord  Bishop  of  Elphin)  froufti 
Rev.  J.  Brinkley,  M.A.,  Andrew's  Professor  of  Astronottf  ■ 
the  University  of  Dublin. — {Note  of  the  Author.}— [ProftsBf 
Brinkley  was  afterwards,  as  is  well  known,  Bishop  of  Clay* 
His  lordship,  upon  being  made  acquainted  with  the  pita  * 
the  present  publication,  kindly  communicated  the  note  ~ 
added,  an4  .which  are  marked  with  his  name.] 
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After  their  nature.    They  do  not  come  within  our  me* 
chanies. 

And  what  we  say  of  their  forms  is  true  of  their  mo- 
tions.   Their  motions  are  carried  on  without  any  sen- 
sible intermediate  apparatus ;    whereby  we  are  cut  off 
from  one  principal  ground  of  argumentation — analogy. 
We  hare  nothing  wherewith  to  compare  them  ;  no  in- 
vention, no  discovery,  no  operation  or  resource  of  art, 
which,  in  this  respect,  resembles  them.     Even  those 
tilings  which  are  made  to  imitate  and  represent  them 
-—such  as  orreries,  planetaria,  celestial  globes,  &c, — bear 
bo  affinity  to  them,  in  the  cause  and  principle  by  which 
ffaeir  motions  are  actuated.    I  can  assign  for  this  dif- 
ference a  reason  of  utility — viz.,  a  reason  why,  though 
the  action  of  terrestrial  bodies  upon  each  other  be,  in 
almost  all  cases,  through  the  intervention  of  solid  or  fluid 
substances,  yet  central  attraction  does  not  operate  in  this 
manner.    It  was  necessary  that  the  intervals  between 
the  planetary  orbs  should  be  devoid  of  any  inert  matter, 
-either  fluid  or  solid,  because  such  an  intervening  sub- 
stance would,  by  its  resistance,  destroy  those  very  mo- 
tions which  attraction  is  employed  to  preserve.     This 
may  be  a  final  cause  of  the  difference ;  but  still  the  dif- 
ference destroys  the  analogy. 

■  Our  ignorance,  moreover,  of  the  sensitive  natures  by 
which  other  planets  are  inhabited,  necessarily  keeps  from 
us  the  knowledge  of  numberless  utilities,  relations,  and 
subserviencies,  which  we  perceive  upon  our  own  globe. 

After  all,  the  real  subject  of  admiration  is,  that  we 
understand  so  much  of  astronomy  as  we  do.    That  an 
animal  confined  to  the  surface  of  one  of  the  planets ; 
-bearing  a  less  proportion  to  it  than  the  smallest  micro- 
scopic insect  does  to  the  plant  it  lives  upon ;  that  this 
-little,  busy,  inquisitive  creature,  by  the  use  of  senses 
which  were  given  to  it  for  its  domestic  necessities,  and 
by  means  of  the  assistance  of  those  senses  which  it  has 
•had  the  art  to  procure,  should  have  been  enabled  to  ob- 
-asrve  the  whole  system  of  worlds  to  which  its  ovm 
belongs ;  the  change*  of  place  of  the  immense  £\ota& 
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which  compose  it ;  and  with  such  accuracy  as  to 
out  beforehand  the  situation  in  the  heavens  in 
they  will  be  found  at  any  future  point  of  time ; 
these  bodies,  after  sailing  through  regions  of  void  wA 
trackless  space,  should  arrive  at  the  place  when  Asj 
were  expected,  not  within  a  minute,  out  withia  a' 
seconds  of  a  minute,  of  the  time  prefixed  and  predict*!: 
all  this  is  wonderful,  whether  we  refer  our  ^nm>l 
to  the  constancy  of  the  heavenly  motions  themselves, 
to  the  perspicacity  and  precision  with  which  they  bint 
been  noticed  by  mankind.  Nor  is  this  the  whole, 
indeed  the  chief  part,  of  what  astronomy  teaches.  by 
bringing  reason  to  bear  upon  observation  (the 
reasoning  upon  the  exactest  observation),  the 
has  been  able,  out  of  the  "  mystic  dance,"  and 
fusion  (for  such  it  is)  under  which  the  motions  sj|#n 
heavenly  bodies  present  themselves  to  the  eye  ofjfcSjM 
gazer  upon  the  skies,  to  elicit  their  order  and  thalfesnl 
paths.  -  ■  ij 

Our  knowledge,  therefore,  of  astronomy  if 
though  imperfect ;  and,  amidst  the  confessed 
and  desideranda,  which  impede  our  investigation  of  tti 
wisdom  of  the  Deity  in  these  the  grandest  of  his  Mb 
there  are  to  be  found,  in  the  phenomena,  asceifesBJ 
circumstances  and  laws,  sufficient  to  indicate  Sftblfcl 
lectual  agency  in  three  of  its  principal  operations,-*!1' 
in  choosing,  in  determining,  in  regulating ;  in  cnsT*-" 
out  of  a  boundless  variety  of  suppositions  whknv 
equally  possible,  that  which  is  beneficial ;  in 
ing  what,  left  to  itself,  had  a  thousand  chances 
conveniency,  for  one  in  its  favour ;  in  rcgulatbtj^A 
jects,  as  to  quantity  and  degree,  which,  by  their  niton 
were  unlimited  with  respect  to  either.  It  will  be?  si 
business  to  offer,  under  each  of  these  heads,  a  few  ■ 
"tances,  such  as  best  admit  of  a  popular  explication.4* 

1  This  cut  represents  a  telescopic  view  of  the  Sun,  abseil 

e  of  the  remarkable  spots  which  have  occasionally  ■ 

surface,  the  largest  sometimes  exceeding  sj 
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I.  Amongst  proofs  of  choice,  one  Is,  fixing  the  source 
of  light  and  heat  in  the  centre  of  the  system.  The  sun 
is  ignited  and  luminous ;  the  planets,  which  move  round 
him,  are  cold  and  dark.  There  seems  to  be  no  antece- 
dent necessity  for  this  order.  The  sun  might  have  been 
an  opaque  mass ;  some  one,  or  two,  or  more,  or  any,  or 
all,  the  planets,  globes  of  tire.  There  is  nothing  in  the 
nature  of  the  heavenly  bodies  which  requires  that  those 
which  ai 


ty  bodies  which  requires  that  thosi 
should  be  on  fire,  that  those  whicl 


sue  of  the  whole  Earth.  Astronomers,  by  closely  observing 
the  motion  which  these  spots  have  across  the  Son's  disc,  and 
the  perspective  changes  which  they  undergo  in  assuming  a 


foreshortened,  01 
*ious  to  their  disapp 
log,  which  proves  b 


■form  to  be  spherical, anitinX be ^a» 
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move  should  be  cold ;  for,  in  fact,  comets  are  bodies  o 
fire,  or  at  least  capable  of  the  most  intense  heat,  yet  re 
Tolve  round  a  centre :  nor  does  this  order  obtain  betwee 
the  primary  planets  and  their  secondaries,  which  are  a 
opaque.  When  we  consider,  therefore,  that  the  sun  i 
one ;  that  the  planets  going  round  it  are,  at  least,  seven 
that  it  is  indifferent  to  their  nature  which  are  liiminoi 
and  which  are  opaque :  and  also  in  what  order,  with  re 
spect  to  each  other,  these  two  kinds  of  bodies  are  di 
posed ;  we  may  judge  of  the  improbability  of  the  pw 
sent  arrangement  taking  place  by  chance. 

If,  by  way  of  accounting  for  the  state  in  which  we  fin 
the  solar  system,  it  be  alleged  (and  this  is  one  among) 
the  guesses  of  those  who  reject  an  intelligent  Creator] 
that,  the  planets  themselves  are  only  cooled  or  coo 
ing  masses,  and  were  once,  like  the  sun,  many  thoosan 
times  hotter  than  red  hot  iron ;  then  it  follows,  thai  th 
sun  also  himself  must  be  in  his  progress  towards  grarb 
cold ;  which  puts  an  end  to  the  possibility  of  hi*  harm 
existed  as  he  is  from  eternity.  This  conseqaencfram 
out  of  the  hypothesis  with  still  more  certainty ,.  if  n 
make  a  part  of  it,  what  the  philosophers  who  "*•£■*■** : 
have  usually  taught,  that  the  planets  were  nwgjralT 
masses  of  matter,  struck  off  in  a  state  of  fusion,  from  th 
body  of  the  sun,  by  the  percussion  of  a  comet, .  or  by 
shock  from  some  other  cause,  with  which  we  are  m 
acquainted:  for,  if  these  masses,  partaking  of  the  natm 
and  substance  of  the  sun's  body,  nave  in  process  of  tim 
lost  their  heat,  that  body  itself,  in  time  likewise,  n 
matter  in  how  much  longer  time,  must  lose  its  heat  al* 
and  therefore  be  incapable  of  an  eternal  duration  in  th 
state  in  which  we  see  it,  either  for  the  time  to  come,  c 
the  time  past. 

The  preference  of  the  present  to  any  other  mode  c 
distributing  luminous  and  opaque  bodies,  I  take  to  b 
evident.  It  requires  more  astronomy  than  I  am  able  t 
lay  before  the  reader  to  show,  in  its  particulars,  wha 
would  be  the  effect  to  the  system,  of  a  dark  body  at  th 
centre  and  one  of  the  planets  being  luminous :  but  '. 
think  it  manifest,  without  either  ptates  ox  e^vdaiun 
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11  of  magni- 

bodies  to  be 

prescrrcd,  the  ignited  planet  would  not  be  sufficient  to 
illuminate  and  warm  the  rest  of  the  system:  secondly, 
that  ita  light  and  heat  would  be  imparted  to  the  other 
planeta  much  more  irregularly  than  light  and  heat  are 
now  received  from  the  sun." 


*  That  cut  repreaenta  the  four  great  planets,  as  Been  through 
^^lereope*  of  considerable  powers.  Each  planet  is  marked  by 
"*iie  symbol  which  astronomer*  have  for  ages  been  accustomed 
Jo  we.  *  *»  Saturn  with  hia  two  rings ;  which  are  hn©s 
t^iolEi,  flie  larger  having  a  diameter  more  ftsao  4a  liiws. 
"*£**<  of  oartaiSi,  or  above  200,000  miles,  ani 


SSa. 
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(*)  II.  Another  thing,  in  which  a  choice  appears 
to  be  exercised,  and  in  which,  amongst  the  possibilities 
out  of  which  the  choice  was  to  be  made,  the  number  of 
those  which  were  wrong  bore  an  infinite  proportion  to 
the  number  of  those  which  were  right,  is  in  what  geo- 
metricians call  the  axis  of  rotation.  This  matter  I  will 
endeavour  to  explain.  The  earth,  it  is  well  known,  is 
not  an  exact  globe,  but  an  oblate  spheroid,  something 
like  an  orange.  Now  the  axes  of  rotation,  or  the  dia- 
meters upon  which  such  a  body  may  be  made  to  turn 
round,  are  as  many  as  can  be  drawn  through  its  centre 
to  opposite  points  upon  its  whole  surface ;  but  of  these 
axes  none  are  permanent,  except  either  its  shortest  dia- 
meter, i.  e.  that  which  passes  through  the  heart  of  the 
orange  from  the  place  where  the  stalk  is  inserted  into  it, 
and  which  is  but  one ;  or  its  longest  diameters,  at  right 
angles  with  the  former,  which  must  all  terminate  in  the 
single  circumference  which  goes  round  the  thickest  part 
of  the  orange.  The  shortest  diameter  is  that  upon 
which  in  fact  the  earth  turns,  and  it  is,  as  the  reader 
sees,  what  it  ought  to  be,  a  permanent  axis ;  whereas, 
had  blind  chance,  had  a  casual  impulse,  had  a  stroke  or 
push  at  random,  set  the  earth  a-spinning,  the  odds  were 
infinite  but  that  they  had  sent  it  round  upon  a  wrong 
axis.     And  what  would  have  been  the  consequence? 

prodigious  swiftness  round  the  planet    The  seven  satellites, 
or  moons,  are  not  represented.    %  is  Jupiter  with  his  spots 
or  belts ;  his  four  moons  are  not  represented.    Both  Saturn 
and  Jupiter  are,  like  our  earth,  flattened  at  the  poles,  instead 
of  being  perfect  spheres,  owing  to  their  rotatory  motion  on 
their,  axes.     <?  is  Mars,  with  his  singularly-formed  spots, 
and  reddish  light  at  his  poles.     9  is  two  figures  of  Venus, 
as  she  is  seen  in  different  positions ;  one  like  a  half-moon, 
and  in  the  other  like  a  crescent    These  appearance*  ai 
called  phases,  from  the  Greek,  and  she  is  the  brightest  c 
all  the  planets.    The  bulk  of  Jupiter  is  1281  times  greate 
than  that  of  the  Earth,  of  Saturn  995  times ;  while  that  r 
Venus  is  nine-tenths  and  that  of  Mars  one-half  the  Ear' 
bulk.    The  bulk  of  the  Sun  itself  is  1,367,000  times  tT 
the  Earth. 
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The  difference  between  a  permanent  axis  and  unothe 
axis  is  this :  When  a  spheroid  in  a  state  of  rotatory  motioi 
gets  upon  a  permanent  axis,  it  keeps  then; ;  it  remain 
steady  and  faithful  to  its  position :  its  poles  preserve 
their  direction  with  respect  to  the  piano  and  to  the  ccntn 
of  its  orbit :  but,  whilst  it  turns  upon  an  axis  which  i 
not  permanent  ("and  the  number  of  those  we  have  seer 
infinitely  exceeds  the  number  of  the  other),  it  is  nlwayi 
liable  to  shift  and  vacillate  from  one  axis  to  another 
with  a  corresponding  change  in  the  inclination  of  it 
poles.  Therefore,  if  a  planet  once  set  off  revolving 
upon  any  other  than  its  shortest,  or  one  of  its  longest 
axes,  the  poles  on  its  surface  would  keep  pcrj>ctualli 
changing,  and  it  never  would  attain  a  permanent  axu 
of  rotation.  The  effect  of  this  unfixeclness  and  insta 
bility  would  be,  that  the  equatorial  parts  of  the  cart! 
might  become  the  polar,  or  the  polar  the  equatorial ;  t< 
the  utter  destruction  of  plants  and  animals,  which  arc 
not  capable  of  interchanging  their  situations,  but  are  re 
spectively  adapted  to  their  own.  As  to  ourselves,  in- 
stead  of  rejoicing  in  our  temperate  zone,  and  annuollj 
preparing  for  the  moderate  vicissitude,  or  rather  the 
agreeable  succession,  of  seasons,  which  we  experience 
and  expect,  we  might  come  to  be  locked  up  in  the  ic< 
and  darkness  of  the  arctic  circle,  with  bodies  neithci 
inured  to  its  rigours,  nor  provided  with  shelter  or  de- 
fence against  them.  Nor  would  it  be  much  better,  ii 
the  trepidation  of  our  pole,  taking  an  opposite  course, 
should  place  us  under  tne  heats  of  a  vertical  sun.  But 
if  it  would  fare  so  ill  with  the  human  inhabitant,  whe 
can  live  under  greater  varieties  of  latitude  than  any 
other  animal ;  still  more  noxious  would  this  translation 
of  climate  have  proved  to  life  in  the  rest  of  the  crea- 
tion, and,  most  perhaps  of  all,  in  plants.  The 
habitable  earth,  and  its  beautiful  variety,  might  have 
been  destroyed  by  a  simple  mischance  in  the  axis  of 
rotation.47 

*(Note  ofBuhop  BrinkleyO  Bather  Vhe  « 
*  solid,  an  oblate  spheroid,  as  it  nov  extaft, 
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taken  its  present  form  while  a  toft  or  fluid  mas 
former  cage,  the  argument  for  design  arising  (toe 

revolving  on  a  permanent  axis  of  rotation  n  of  th 

possible  nature.     But  the  present  extended  knowledge 
geology  has  rendered  it  highly  probable  that  the  earth  m 
originally  an  ignited  man  in  a  state  of  fluidity,  i 
very  surfece,  and  by  its  rotation  in  that  state  tot 
form  as  the  result  of  the  mutual  attraction  of  its  parts  and  id 
it*  rotatory  motion.     This  most  be  conceded  if  we  do  not    | 
admit  the  choice  of  a  permanent  axis  of  rotation.     It  is, 
therefore,   in  the  progress  through   countl.        ages  of  th* 
changes  on  the  surface,  from  the  chaotic  or  primary  forma-   I 
□on  of  the  geologist*  to  the  moat  interesting  state  of  the  sur- 
face as  it  now  exists,  that  we  trace  the  endless  arguments  Car 
design.    However  difficult  it  first  sight  to  be  explained. 
these   changes   will,   when  understood,   show   one   uniform    j 
system,  in  which  all  thing*  work  together  for  good. 

If  we  consider  the  state  of  the  surface  before  its  cooling 
in  a  great  degree,  it  must  have  been  wholly  unfitted  for  ani- 
mal and  vegetable  life.  The  admission  of  this  state  neces- 
sarily lets  in  the  posterior  and  successive  creation  of  vegetables 
and  animals.  From  the  vestiges  which  remain  we  may  con-  , 
elude,  with  the  highest  degree  of  probability,  that  for  a  very  ', 
long  period  the  surface  was  only  adapted  for  vegetables  ana 
the  lowest  description  of  animal  life;  afterwards  for  -™m»lq 
of  an  amphibious  nature,  and  sueh  as  could  exist  only  on  the 
marshy  shores  of  lakes,  or  in  places  occasionally  covered  | 
with  water.  By  degrees  this  state  of  the  surface  gave  way  | 
to  others  more  fitted  for  a  further  supply  of  animals  to  I- 
eitoted.  The  principal  origin  of  these  changes  appears  to 
have  been  provided  in  the  powers  attached  to  the  satis ranees, 
of  whatever  nature  they  may  be,  existing  in  the  interior  of 
the  earth ;  but  these  powers  have  been  merely  mechanical, 
and  could  not  originate  organized  vegetables  and  animals, 
The  class  of  changes  at  the  surface,  constituting  the  tertiary 
formations  of  the  geologist,  appear  to  have  been  that  which 
was  followed  by  the  introduction  of  a  great  variety  of  large 
animals,  many  of  which  are  now  extinct  The  surface  was 
still  to  be  farther  improved  by  making  it  fitted  for  a.  wick 
extension  of  animals  and  of  tb*ir  food.    This  has  been  doa*> 


ii   >f--M.?e 

ii.  3x«k.  a*  t  b^-:  :  >.\. 
:c"  i>e  s  -r-^t.  c-i.. >. 

•:£  lie  *i^t*.  »f.».c  ;«?■ 
•a  aesermse-     F:r  a  i*rr 

tost  iitr:.  cvez:ianp.:  «::h 
depth  of  the  cenre).  we  £=>i"  tenif**-  ".*'  iztcmx 
Aridity.  Bat  this  feVany  shk  Lit?  .r:oe  x«?  awuiy 
hundred  times  farther  t±aa  te  cm  swrKe.  :o  ctim 
tbe  earth  to  take  is  present  oikiie  *:Vcm :  atu  « better 
any  traces  of  this  kiaa  exist  so  t&sx  «iepih  me  are  igno- 
rant. CakalatiGBS  were  marir  a  :ew  rears  *su  of"  the 
mean  density  of  the  earthu  by  comparing  the  force  of  its 
attraction  with  the  force  of  attraction  of  a  rock  of  granite, 
the  bulk  of  which  eooU  he  ascertained :  and  the  upshot 
of  the  calculation  was.  that  the  earth  upon  an  average, 
through  hi  whole  sphere,  has  twice  the  density  of  gra- 


by  die  means  afforded  for  the  extension  and  spreading  of 
alluvial  matter,  so  admirably  adapted  for  the  growth  of 
plants,  and  therefore  tor  the  existence  of  animal  life.  The 
changes  of  snrmce  which  have  been  alluded  to  are  all  parts 
of  the  same  design.  Between  the  successive  chances  great 
intervals  appear  to  have  elapsed.  The  imagination  is  able  to 
form  no  conception  of  the  length  of  time  since  the  chaotic 
state  began  to  change.  Notwithstanding  the  time  that  must 
have  existed  between  each  change,  one  uniform  plan  can  be 
discerned.  The  animals  which  we  must  admit  to  haw  been 
successively  created,  show,  by  their  organization,  the  same 
creator.  Thus,  if  we  admit  the  fluid  and  chaotic  state  of  the 
earth  (the  alternatiTe  if  we  do  not  admit  an  original  sphe- 
roidal Ibrmatson),  there  cannot  be  a  question  as  to  the  power- 
ful arguments  to  be  derived  from  the  chance  on  the  surface 
and  its  series  of  organized  beings.  Indeed,  if  the  matter  be 
well  considered,  it  will  appear  to  many  that  the  most  con- 
clusive arguments  for  design  and  coidinutd  superintendence 
may  be  deduced  from  the  researches  of  the  motorn.  v«cAfe» 
gists.— See  Second  Note  to  Chap.  xxv.  ts/ro. 
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nitc,  or  above  five  times  that  of  water.  Therefore  it  . 
cannot  be  a  hollow  shell,  as  some  have  formerly  supposed; 
nor  can  its  internal  parts  be  occupied  by  central  fire  or 
by  water.  The  solid  parts  must  greatly  exceed  the  feud 
parts :  and  the  probability  is,  that  it  is  a  solid  mw 
throughout,  composed  of  substances  more  ponderous  the 
deeper  we  go.  Nevertheless,  we  may  conceive  the  pre- 
sent face  of  the  earth  to  have  originated  from  the  revolu- 
tion of  a  sphere  covered  by  a  surface  of  a  compound  ids* 
ture ;  the  fluid  and  solid  parts  separating,  as  the  surface 
becomes  quiescent.  Here  then  comes  in  the  moderator 
hand  of  the  Creator.  If  the  water  had  exceeded  its  pre- 
sent proportion,  even  but  by  a  trifling  quantity,  com- 
pared with  the  whole  globe,  all  the  land  would  have  beat 
covered :  had  there  been  much  less  than  there  is,  there 
would  not  have  been  enough  to  fertilize  the  continent 
Had  the  exsiccation  been  progressive,  such  as  we  may 
suppose  to  have  been  produced  by  an  evaporating  heat, 
how  came  it  to  stop  at  the  point  atwhicn  we  see  it? 
Why  did  it  not  stop  sooner  ?  why  at  all  ?  The  mandate 
of  the  Deity  will  account  for  this ;  nothing  else  will. 

IV.  Op  centripetal  forces.  By  virtue  of  the  sim- 
plest law  that  can  be  imagined,  viz.,  that  a  body  contium 
in  the  state  in  which  it  is,  whether  of  motion  or  rest; 
and,  if  in  motion,  goes  on  in  the  line  in  which  it  was 
proceeding,  and  with  the  same  velocity,  unless  there  be 
some  cause  for  change :  by  virtue,  I  say,  of  this  law,  it 
comes  to  pass  (what  may  appear  to  be  a  strange  conse- 

auence),  that  cases  arise,  in  which  attraction,  incessantly 
rawing  a  body  towards  a  centre,  never  brings,  nor  ever 
will  bring,  the  body  to  that  centre,  but  keep  it  in  eternal 
circulation  round  it.  If  it  were  possible  to  fire  off  a 
cannon-ball  with  a  velocity  of  five  miles  in  a  second,  and 
the  resistance  of  the  air  could  be  taken  away,  the  cannon- 
ball  would  for  ever  wheel  round  the  earth  instead  of 
falling  down  upon  it.  This  is  the  principle  which  sus- 
tains the  heavenly  motions.  The  Deity  having  appointed 
this  law  to  matter  (than  which,  as  we  have  said  Defore, 
no  law  could  be  more  simple)  has  turned  it  to  a  wonder* 
ful  account  in  constructing  planetary  syatexna* 
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The  actuating  cause  in  these  systems  is  an  attraction 
which  varies  reciprocally  as  the  square  of  the  distance ; 
that  is,  at  double  the  distance,  has  a  quarter  of  the  force : 
at  half  the  distance,  four  times  the  strength ;  and  so  on. 
Now  concerning  this  law  of  variation,  we  have  three 
things  to  observe :  first,  that  attraction,  for  any  thing  we 
know  about  it,  was  just  as  capable  of  one  law  of  variation 
as  of  another ;  secondly,  that,  out  of  an  infinite  number 
of  possible  laws,  those  which  were  admissible  for  the 
purpose  of  supporting  the  heavenly  motions  lay  within 
certain  narrow  limits;  thirdly,  that  of  the  admissible 
laws,  or  those  which  come  within  the  limits  prescribed, 
the  law  that  actually  prevails  is  the  most  beneficial.  So 
far  as  these  propositions  can  be  made  out,  we  may  be 
said,  I  think,  to  prove  choice,  and  regulation:  choice, 
out  of  boundless  variety ;  and  regulation,  of  that  which, 
by  its  own  nature,  was,  in  respect  of  the  property  regu- 
lated, indifferent  and  indefinite. 

I.  First,  then,  attraction,  for  anything  we  know  about 
it,  was  originally  indifferent  to  all  laws  of  variation  de- 
pending, upon  change  of  distance,  i.  <?.,  just  as  susceptible 
of  one  law  as  of  another.  It  might  have  been  the  same 
at  all  distances  ;  it  might  have  increased  as  the  distance 
increased :  or  it  might  have  diminished  with  the  increase 
of  the  distance,  yet  in  ten  thousand  different  proportions 
from  the  present ;  it  might  have  followed  no  stated  law 
at  all.  If  attraction  be  what  Cotes,  with  many  other 
Newtonians,  thought  it  to  be,  a  primordial  property  of 
matter,  not  dependent  upon,  or  traceable  to,  any  other 
material  cause ;  then,  by  the  very  nature  and  definition 
of  a  primordial  property,  it  stood  indifferent  to  all  laws. 
If  it  be  the  agency  of  something  immaterial ;  then  also, 
for  anything  we  know  of  it,  it  was  indifferent  to  all  laws. 
If  the  revolution  of  bodies  round  a  centre  depend  upon 
vortices,  neither  are  these  limited  to  one  law  more  tnan 
another.4* 

49  The  notion  of  gravitation  being  a  quality  inherent  in 
matter,  and  whicfc  could  not  be  separated,  from.  \X&  otae? 
jualities  has  long  been  abandoned.    To  aargpa  tt*X  VX  ^ 
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There  is,  I  know,  an  account  given  of  attncti 
which  should  seem,  in  its  very  cause,  to  assign  to  it 
law  which  we  find  it  to  observe ;  and  which,  fherefc 
makes  that  law  a  law  not  of  choice,  but  of  necessi 
and  it  is  the  account  which  ascribes  attraction  to 
emanation  from  the  attracting  body.  It  is  probable,  t 
the  influence  of  such  an  emanation  will  be  proportki 
to  the  spissitude  of  the  rays  of  which  it  is  compost 
which  spissitude,  supposing  the  rays  to  issue  in  ri) 
lines  on  all  sides  from  a  point,  will  be  reciprocally  as ' 
square  of  the  distance.  The  mathematics  of  this  solut 
we  do  not  call  in  question:  the  question  with  us 
whether  there  be  any  sufficient  reason  for  believing  t 
attraction  is  produced  by  an  emanation.    For  my  pari 

necessarily  inherent  never  could  be  consistent  with  the  a 
ordinary  perception  of  the  meaning  affixed  to  the  te 
necessary  and  contingent  All  that  could  really  be  intent 
therefore,  is  what  we  have  just  now  stated  in  the  first  i 
tence  of  this  note.  Bat  that,  too,  appears  wholly  ground] 
The  only  appearance  of  a  reason  was  derived  from  the 
tensity  of  all  streams  of  matter  proceeding  from  a  cent* 
every  direction  being  weakened  in  proportion  to  their  di 
sion,  and  their  diffusion  being  proportioned  to  the  square 
the  distance  (by  similar  triangles  and  the  property  of 
circle,  and  generally  of  similar  figures).  But  suppose 
overlook  the  purely  hypothetical  nature  of  the  connei 
between  such  emanations  and  gravitation  (sanctioned  as 
theory  in  a  certain  degree  seems  to  be  by  no  less  an 
thority  than  Laplace,  M€c.  Cih  liv.  xv.  c.  1),  and  admit 
hypothesis  that  matter,  according  to  its  present  constitu 
in  other  respects,  must  have  gravitation  in  the  inv< 
duplicate  ratio ;  though  an  important  position  may  be  1 
gained  or  granted  in  Natural  Philosophy,  nothing  what! 
is  effected  in  Natural  Theology ;  for  the  same  power  wl 
endowed  matter  with  those  qualities  from  whence  this 
culiar  kind  of  attractive  force  results,  is  only  proved  to  t 
created  that  attractive  force  and  bestowed  it  upon  ma 
mediately  instead  of  immediately.  This,  in  short,  is  < 
another  instance  of  the  argument  formerly  adverted  to  ui 
the  head  of  "Instinct,"  Chap,  xviii.,  and  which  we  tl 
stated  to  be  of  general  application. 
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otaHy  at  a  loss  to  comprehend  how  particles  stream* 
from  a  centre  should  draw  a  body  towards  it  The 
dse,  if  impulse  it  be,  is  all  the  other  way.    fifor 

we  find  less  difficulty  in  conceiving  a  conflux  of 
cles,  incessantly  flowing  to  a  centre,  and  carrying 
i  all  bodies  along  with  it,  that  centre  also  itself 
£  in  a  state  of  rapid  motion  through  absolute  space  ; 
by  what  source  is  the  stream  fed,  or  what  becomes 
ie  accumulation  ?  Add  to  which,  that  it  seems  to 
f  a  contrariety  of  properties,  to  suppose  an  astherial 
to  acty  but  not  to  resist;  powerful  enough  to  carry 
i  bodies  with  great  force  towards  a. centre,  yet,  in- 
stently  with  the  nature  of  inert  matter,  powerless 
3erfectly  yielding  with  respect  to  the  motions  which 
t  from  the  projectile  impulse.  By  calculations; 
n  from  ancient  notices  of  eclipses  of  the  moon,  we 
prove  that,  if  such  a  fluid  exist  at  all,  its  resistance 
lad  no  sensible  effect  upon  the  moon's  motion  for 
thousand  five  hundred  years.  The  truth  is,  that,. 
3t  this  one  circumstance  of  the  variation  of  the  at- 
ng  force  at  different  distances  agreeing  with  the 
tion  of  the  spissitude,  there  is  no  reason  whatever 
pport  the  hypothesis  of  an  emanation ;  and,  as  it 
$  to  me,  almost  insuperable  reasons  against  it.49 
)  II.  Our  second  proposition  is,  that,  whilst  the 
trie  laws  of  variation  were  infinite,  the  admissible 
or  the  laws  compatible  with  the  preservation  of  the 
m,  lie  within  narrow  limits.  If  the  attracting  force 
varied  according  to  any  direct  law  of  the  distance, 
:  have  been  what  it  would,  great  destruction  and 
ision  would  have  taken  place.  The  direct  simple 
>rtion  of  the  distance  would,  it  is  true,  have  pro- 
1  an  ellipse ;  but  the  perturbing  forces  woul4  have 

with  so  much  advantage,  as  to  be  continually 
rjing  the  dimensions  of  the  ellipse  in  a  manner  in- 

3ee  notes  52  and  54,  pp.  100,  106,  where  Bishop  Brink- 
divers  an  opinion  entitled,  undoubtedly,  to  the  greatest 
&,  but  which  seems  somewhat  more  taa\fa&taK&.'&& 
is  jet  warrant,  in  favour  of  the  atkerialftxuA- 
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consistent  with  our  terrestrial  creation.  For  inst 
if  the  planet  Saturn,  so  large  and  so  remote,  hs 
tracted  the  earth,  both  in  proportion  to  the  quanl 
matter  contained  in  it,  which  it  does,  and  also  ii 
proportion  to  its  distance,  i.  e.  if  it  had  pulled  the  I 
for  being  the  farther  off  (instead  of  the  reverse  of 
would  have  dragged  out  of  its  course  the  globe  ' 
we  inhabit,  and  have  perplexed  its  motions,  to  a  d 
incompatible  with  our  security,  our  enjoyments,  ant 
bably  our  existence.  Of  the  inverse  Jaws,  if  the  c 
petal  force  had  changed  as  the  cube  of  the  distan 
in  any  higher  proportion,  that  is  (for  I  speak  1 
unlearned),  if,  at  double  the  distance,  the  attractive 
had  been  diminished  to  an  eighth  part,  or  to  lea 
that,  the  consequence  would  have  been  that  the  pi 
if  they  once  began  to  approach  the  sun,  would 
fallen  into  his  body ;  if  they  once,  though  by  ess 
little,  increased  their  distance  from  the  centre,  ' 
for  ever  have  receded  from  it.  The  laws,  therefc 
attraction,  by  which  a  system  of  revolving  bodies 
be  upholden  in  their  motions,  lie  within  narrow 
compared  with  the  possible  laws.  I  much  unde 
the  restriction  when  I  say  that,  in  a  scale  of  a  mile 
are  confined  to  an  inch.  All  direct  ratios  of  the  di; 
are  excluded  on  account  of  danger  from  perti 
forces  :*°  all  reciprocal  ratios,  except  what  lie  be 

50  It  has  been  objected  to  this  statement,  and  tl 
above,  that  such  a  result  would  not  inevitably  happei 
planets  in  any  number  attracting  each  other  with  for 
creasing  in  the  direct  ratio  of  their  distances,  as,  i 
Sir  Isaac  Newton  has  shown  (*  Principia/  lib.  i.,  pre 
how  they  would  revolve  in  equal  times  and  in  ell 
orbits  ^see  also  the  10th  and  58th  propositions).  In 
all  motion  in  elliptical  orbits  is  connected  with  an  in 
of  the  force  in  the  direct  ratio  of  the  radius  vector, 
centre  of  the  figure  be  the  centre  of  forces,  of  which  3 
Brinkley  must  have  been,  of  course,  aware — (See  i 
But  if  the  statement  in  the  text  be  takeii  to  inclu 
action  of  other  bodies  and  systems,  on  the  snppositic 
the  attraction  is  universal, — which,  it  musA.  ta  ramem 
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the  cube  of  the  distance,  by  the  demonstrable  conse- 
quence that  every  the  least  change  of  distance  would, 
under  the  operation  of  such  laws,  have  been  fatal  to  the 
repose  and  order  of  the  system.  We  do  not  know,  that 
is,  we  seldom  reflect,  how  interested  we  are  in  this  mat- 
ter. Small  irregularities  may  be  endured ;  but,  changes 
within  these  limits  being  allowed  for,  the  permanency 
of  our  ellipse  is  a  question  of  life  and  death  to  our  whole 
sensitive  world. 

(*)  III.  That  the  subsisting  law  of  attraction  falls 
within  the  limits  which  utility  requires,  when  these 
limits  bear  so  small  a  proportion  to  the  range  of  possi- 
bilities upon  which  chance  might  equally  have  cast  it,  is 
not,  with  any  appearance  of  reason,  to  be  accounted  for, 
by  any  other  cause  than  a  regulation  proceeding  from  a 
designing  mind.  But  our  next  proposition  carries  the 
matter  somewhat  farther.  We  say,  in  the  third  place, 
that  ,v  out  of  the  different  laws  which  lie  within  the  limits 
of  admissible  laws,  the  best  is  made  choice  of;  that  there 
are  advantages  in  this  particular  law  which  cannot  be 
demonstrated  to  belong  to  any  other  law ;  and,  concern- 
ing some  of  which,  it  can  be  demonstrated  that  they  do 
not  belong  to  any  other. 

(*)  1.  Whilst  this  law  prevails  between  each  par- 
ticle of  matter,  the  united  attraction  of  a  sphere,  com- 
posed of  that  matter,  observes  the  same  law.    This  pro- 
perty of  the  law  is  necessary,  to  render  it  applicable  to  a 
system  composed  of  spheres,  but  it  is  a  property  which 
belongs  to  no  other  law  of  attraction  that  is  admissible. 
The  law  of  variation  of  the  united  attraction  is  in  no 
other  case  the  same  as  the  law  of  attraction  of  each  par- 
ticle, one  case  excepted,  and  that  is  of  the  attraction 
varying  directly  as  the  distance ;  the  inconveniency  of 
which  law,  in  other  respects,  we  have  already  noticed. 

k  involved  in  the  very  hypothesis  of  its  increasing  with  the 
distance, — there  seems  no  solid  objection  to  this  part,  at  least, 
of  the  observation ;  for  a  rushing  together  of  all  the  systems, 
roe  solar  and  those  of  the  fixed  stars,  would  be  the  causer 
fjnence  of  the  attraction  increasing  according  to  any  \wywet  ot 
me  distance,  while  those  systems  had  no  motion  of  pto^ectattD* 
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Wc  may  follow  this  regulation  somewhat  farther, 
still  more  strikingly  perceive  that  it  proceeded  from  t 
designing  mind.  A  law  both  admissible  and  convenient 
was  requisite.  In  what  way  is  the  law  of  the  attractiat; 
globes  obtained?  Astronomical  observations  and  tar*. 
restrial  experiments  show  that  the  attraction  of  tat 
globes  of  the  system  is  made  up  of  the  attraction  of  their 
parts ;  the  attraction  of  each  globe  being  compounded  of 
the  attractions  of  its  parts.  Now  the  admissible  and  con* 
venient  law  which  exists,  could  not  be  obtained  in  a  sys- 
tem of  bodies  gravitating  by  the  united  gravitation  of 
their  parts,  unless  each  particle  of  matter  were  aiUacied 
by  a  force  varying  by  one  particular  law,  our.  varying  in- 
versely as  the  square  of  the  distance :  for,  if  the  action  at 
the  particles  be  according  to  any  other  law  whatever,  the 
admissible  and  convenient  law,  which  is  adopted,  cooM 
not  be  obtained.  Here  then  are  clearly  shown  regula- 
tion and  design.  A  law  both  admissible  and  convemeat 
was  to  be  obtained ;  the  mode  chosen  for  obtaining  tint 
law  was  by  making  each  particle  of  matter  act.  After 
this  choice  was  made,  then  further  attention  was  to  be 
given  to  each  particle  of  matter,  and  one  and  one  only 
particular  law  of  action  to  be  assigned  to  it.  No  other 
law  would  have  answered  the  purpose  intended. 

( *  )  2.  All  systems  must  be  liable  to  perturbations. 
And  therefore,  to  guard  against  these  perturbations,  of 
rather  to  guard  against  their  running  to  destructive 
lengths,  is  perhaps  the  strongest  evidence  of  care  atd 
foresight  that  can  be  given.  Now,  we  are  able  to  demon- 
strate of  our  law  of  attraction,  what  can  be  demonstrated 
of  no  other,  and  what  qualifies  the  dangers  which  ark* 
from  cross  but  unavoidable  influences ;  that  the  action  of 
the  parts  of  our  system  upon  one  another  will  not  cans* 
permanently  increasing  irregularities,  but  merely  periotV 
ical  or  vibratory  ones ;  that  is,  they  will  come  to  a  lint* 
and  then  go  back  again.  This  we  can  demonstrate  oajfc 
of  a  system,  in  which  the  following  properties  concr 
viz.  that  the  force  shall  be  inversely  as  the  square  of  .1 
distance ;  the  masses  of  the  revolving  bodies  small,  eo. 
pared  with  that  of  the  body  ait  lita  cental  \  ^qa  --*--* — 
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inch  inclined  to  one  mother;  and  their  eccentricity 
ttle.  In  such  a  system,  the  grand  points  ere  secure. 
lie  mean  distances  and  periodic  times,  upon  which  de- 
end  our  temperature,  and  the  regularity  of  our  year,  are 
instant.  The  eccentricities,  it  is  true,  will  still  vary; 
nt  so  slowly,  and  to  so  small  an  extent,  as  to  produce 
3  inconveniency  from  fluctuation  of  temperature  and 
•son.  The  same  as  to  the  obliquity  of  the  planes  of 
te  orbits.  For  instance,  the  inclination  of  the  ecliptic 
i  the  equator  will  never  change  above  two  degrees  (out 
'  ninety),  and  that  will  require  many  thousand  years  in 
informing." 


»  Tina  eat  reprewntE  the  oral  A  B,  nearly  circular,  in 
ach  the  Earth  G  moves  round  the  Sun  Sin  one  of  the 
i — whHe  the  Moon,  E,  moves  round  the  Earth  in  a  similar 
rve,  E  F.  These  corves  vary  (as  do  the  paths  of  all  the 
nets  and  their  satclli  tea),  becoming  more  and  mure  bulged, 
they  tttlge  oat  by  a  certain  quantity,  G  D,  »  is  W  to 
31 B,  sai  than  the  cam  they  describe  natteni 
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It  has  been  rightly  also  remarked,  that,  if  the 
planets,  Jupiter  and  Saturn,  had  moved  in  lower 


till  it  becomes  A  D  B,  but  never  more,  in  consequence  of  ftp 
four  circumstances  mentioned  in  the  text. 

The  celebrated  proposition  of  Laplace,  respecting 
eccentricities  of  the  planetary  orbits,  and  their  d 
from  a  nearly  circular  form, — that  upon  which  the 
of  the  system  mainly  rests, — may  be  comprehended  byi 
illustration.  Suppose  three  vessels  of  different  burthen 
from  one  port  to  another,  and  take  such  courses,  that,  n 
plying  the  tonnage  of  each  by  the  square  of  the  deviation  fc4 
miles  which  it  makes  from  the  straight  line,  or  shortest  At 
tance,  between  the  two  ports,  and  adding  the  three  proses!: 
together,  the  sum  is  at  every  instant  of  the  voyage  tfcl 
same— say  90 — the  vessels  being  of  10,  22J,  and  90  ton 
burthen,  respectively.  It  is  clear  that  none  of  them  est 
ever  deviate  beyond  a  certain  distance  from  the  *traJd6 
course,  for  the  greatest  possible  deviation  would  be'  3  nw 
—(the  square-root  of  the  quotient  of  90  divided  by  the  tee- 
nage of  the  smallest  vessel) — and  this  supposes  neither  of  Hi 
other  two  to  deviate  at  all ;  if  they  also  had  their  deviating 
that  would  make  the  smallest  vessel's  deviation  go  much  ffcl 
less.  In  like  manner,  the  second  vessel  never  could  devfch 
more  than  2,  nor  the  largest  more  than  1.  But  these  deis* 
tions  would  always  be  lessened  in  proportion  as  the  otfcs] 
vessels  deviated.  If  we  suppose  the  three  to  start  from  Am 
ports  in  a  straight  line  from  each  other,  and  one  port  Id  si 
64,  another  81,  and  the  third  100  miles  from  the  port  4 
destination,  and  make  the  condition  to  be,  that  the  sum  4 
each  vessel's  tonnage  multiplied  by  the  square  of  its  devisfisj 
and  the  products  by  the  sums  8,  9,  and  10,  respectively  (as 
square-roots  of  the  distances  of  the  three  ports  of  departs**) 
shall  be  always  equal  to  the  same  number,  cor.  90, — the  CM 
will  resemble  more  closely  the  one  we  are  illustrating;  fc 
the  proposition  of  Laplace  is,  that  the  sum  of  the  prodnefcd 
've  square-roots  of  the  transverse  axes  of  the  orbits,  matt 
d  by  the  squares  of  the  eccentricities  and  by  die  mass) 
lways  the  same  ( itftfc.  CW.  liv.  ii.  c  7  and  8 ;  espeoisty 
7,  61). 

Tie  case  which  we  have  taken,  however,  is  only  br  «Jf 

111  ind  does  not  resemble  the  one  in  qiinftnpil 

djoreover,  in  ottac  ttax  til  tha  three  rmm 
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their  influences  would  have  had  much  more  effect  as  to 
disturbing  the  planetary  motions,  than  they  now  have. 

may  be  able  to  obey  the  rule  during  each  part  of  their  course, 
we  must  suppose  one  of  them  to  start  from  a  point  on  one 
side  of  the  port,  and  the  same  vessel,  or  another  of  them,  to 
make  a  port  different  from  the  port  of  destination.  This 
difficulty  would  be  removed  by  supposing  the  condition  to  be, 
that  the  sums  of  the  products  should  never  exceed  a  certain 
amount 

In  the  case  put  it  is  cleai  that,  practically  speaking,  no 
combination  among  the  navigators  could  make  the  vessels 
perform  their  voyage  according  to  the  condition  unless  by 
two  of  the  vessels  going  in  the  straight  line  and  the  third  in 
a  line  parallel  to  it.  Nothing  but  a  principle  acting  equally 
on  the  crews  of  all  the  vessels,  like  gravitation,  or  like  in- 
stinct, could  keep  them  to  the  terms  of  the  rule  if  they  were 
all  to  deviate  and  to  vary  in  their  deviations.  But  that  in- 
sects should,  by  some  such  instinct,  be  able  to  perform  an 
operation  of  this  kind  seems  quite  possible.  Each  bee  acts 
in  the  construction  of  its  cell  in  this  way ;  for  it  keeps  to  the 
role  accurately,  and  it  acts  in  perfect  concert  with  others ; 
at  least  it  acts  so  as  to  produce  the  effect  of  concert 

The  theorem  to  which  we  have  here  alluded,  as  well  as 
those  two  similar  theorems  which  make  the  mean  motions 
and  mean  longitudes  of  the  three  first  satellites  of  Jupiter 
follow  a  certain  fixed  rule,  the  difference  between  thrice  the 
motions  and  longitudes  of  the  second,  and  the  motions  and 
longitudes  of  the  first  added  to  twice  those  of  the  third, 
being  an  invariable  quantity  (that  is,  0  in  the  case  of  the 
motions,  and  180  degrees  in  the  case  of  the  longitudes),  are 
all  deducible  by  strict  mathematical  reasoning,  but  from 
data  which  are  not  necessarily  true ;  for  these  theorems  de- 
pend, among  other  things,  upon  the  motions  of  revolution 
throughout  the  system  being  m  the  same  direction.  Laplace 
has  expressed  an  opinion,  that  the  relation  just  mentioned  as 
to  Jupiter's  satellites  was  not  the  same  when  the  motion 
began,  but  was  established  by  the  mutual  actions  of  these 
bodies,  which  he  has  shown  were  sufficient  to  establish  the 
relation  at  first,  as  well  as  to  maintain  it  afterwards.  This 
may  or  it  may  not  be ;  that  is,  it  may  or  it  may  not  be  true 
mat  those  relations  were  established  in  the  course  of  tha 
system's  action;  but  no  kind  of  argument  arises  fromYiensfe 
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While  they  revolve  at  so  great  distances  from  the 
they  act  almost  equally  on  the  sun  and  on  the  inf< 
planets ;  which  has  nearly  the  same  consequence  as 
acting  at  all  upon  either. 

If  it  be  said,  that  the  planets  might  have  been 
round  the  sun  in  exact  circles,  in  which  case,  no  ch 
of  distance  from  the  centre  taking  place,  the  law  oi 
nation  of  the  attracting  power  would  have  never  con 
question,  one  law  would  have  served  as  well  as  anot 
an  answer  to  the  scheme  may  be  drawn  from  the 
sideration  of  these  same  perturbing  forces.  The  sy 
retaining  in  other  respects  its  present  constitu 
though  the  planets  had  teen  at  first  sent  round  in  < 
circular  orbits,  they  could  not  have  kept  them :  ai 
the  law  of  attraction  had  not  been  what  it  is,  or  at  1 
if  the  prevailing  law  had  transgressed  the  limits  a 
assigned,  every  evagation  would  have  been  fatal: 
planet  once  drawn,  as  drawn  it  necessarily  must 
Deen,  out  of  its  course,  would  have  wandered  in  en 
error.52 

against  the  designing  power,  even  if  we  admit  the  snppoi 
of  that  great  mathematician ;  for  then  it  would  only  £ 
that  the  same  principle  which  was  appointed  to  preservt 
also  been  appointed  to  create  the  relation  of  stability. 
M€c.  C€L  liv.  ii.  c.  8,  s.  66 ;  liv.  viii.  c.  6,  s.  15,  and  < 
s.  29.  See  also  Mrs.  Somerville's  truly  profound  and  ax 
able  work,  Mechanism  of  the  Heavens,  b.  iv.  c.  1,  s. 
et  seq.) 

w  (Note  of  Bishop  Brinkley.)  Many  suppose  attra 
an  emanation,  and  the  law  of  attraction  (the  inverse  s< 
of  the  distance)  which  exists,  to  be  actually  necessarx 
deducible  from  equal  quantities  of  the  attractive  force  1 
spread  over  each  spherical  surface  surrounding  the  attra 
centre.  If  this  were  so,  all  attracting  matter  must  ac 
cording  to  the  same  law.  This  is  not  the  case  in  man 
stances  that  might  be  adduced.  The  attraction  by  v 
particles  of  matter  adhere  together  is  obviously  not  of 
nature.  Chemical  action  furnishes  many  exceptions  to 
law.  It  may,  indeed,  be  said  that  a  polarizing  power  m 
Joined  to  an  attractive  force  acting  as  abovementioned. 
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What  we  have  seen  in  the  law  of  the  ceutri- 
8,  viz.  a  choice  guided  by  views  of  utility,  and 
:  one  law  out  of  thousands  which  might  equally* 
i  place,  we  see  no  less  in  the  figures  of  the 
>roits.  It  was  not  enough  to  fix  the  law  of 
Detal  force,  though  by  the  wisest  choice ;  for, 
r  that  law,  it  was  still  competent  to  the  planets 
wed  in  paths  possessing  so  great  a  degree  of 
y,  as,  in  the  course  of  every  revolution,  to  be 
ny  near  to  the  sun,  and  carried  awav  to  im- 
anccs  from  him.  The  comets  actually  move 
f  this  sort ;  and,  had  the  planets  done  so,  in* 
ring  round  in  orbits  nearly  circular,  the  change 
xtremity  of  temperature  to  another  must,  in. 
ist,  have  destroyed  every  animal  and  plant 
irface.  Now  the  distance  from  the  ceptre  at 
anet  sets  off,  and  the  absolute  force  of  attrao 
t  distance,  being  fixed,  the  figure  of  its  erbit, 
a  circle,  or  nearer  to,  or  farther  off  from  a 

a  rounder  or  a  longer  oval,  depends  upon  two 
e  velocity  with  which,  and  the  direction  in 
!  planet  is  projected.  And  these,  in  order  to 
right  result,  must  be  both  brought  within  cer- 
n  limits.  One,  and  only  one,  velocity,  united 
and  only  one,  direction,  will  produce  a  perfect 
nd  the  velocity  must  be  near  to  this  velocity, 
rection  also  near  to  this  direction,  to  produce 

imperfectly,  or  rather  nothing,  of  the  nature  of 
:ation;  but  we  know  it  is  not  extended  to  the 
the  sun  and  planetary  masses  on  each  other. 
t  not  extended  to  these  ?  The  simple  answer  is, 
Id  not  only  have  been  useless,  but  it  would  have 
nth  the  purposes  for  which  these  bodies  were  de- 
iiis  these  great  bodies  are  moved  by  laws  of  the 
)licity,  while  their  component  parts  act  on  each 
combination  of  forces  of  various  kinds ;  which 
ir  to  act  at  small  distances  only,  while  the  forces 
epend  the  welfare  and  preservation  of  our  earth 
nets,  act  through  a  vast  extent  of  space,  «&&  \ry 
and  uniform  Jaw,  in  which  there  is  no  canfifa&&% 
of  other  actions. 
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orbits,  such  as  the  planetary  orbit3  are,  nearly  circular; 
that  is,  ellipses  with  small  eccentricities.     The  velocity 
and  the  direction  must  both  be  right.     If  the  velocity  hi 
wrong,  no  direction  will  cure  the  error;  if  the  direction 
be  in  any  considerable  degree  oblique,  no  velocity  will 
produce  the  orbit  required.    Take,  for  example,  tie 
attraction  of  gravity  at  the  surface  of  the  earth.    The  |] 
force  of  that  attraction  being  what  it  is,  out  of  all  tie 
degrees  of  velocity,  swift  and  slow,  with  which  a  toll 
might  be  shot  off,  none  would  answer  the  purpose  ef 
which  we  are  speaking,  but  what  was  nearly  mat  of  flu 
miles  in  a  second.    If  it  were  less  than  that,  the  faoty 
would  not  get  round  at  all,  but  would  come  to  tat 
ground ;  if  it  were  in  any  considerable  degree  more  met 
that,  the  body  would  take  one  of  those  eccentric  coursa, 
those  long  ellipses,  of  which  we  have  noticed  the  incoa- 
veniency.    If  the  velocity  reached  the  rate  of  sew* 
miles  in  a  second,  or  went  beyond  that,  the  ball  wooU 
fly  off  from  the  earth,  and  never  be  heard  of  more,    h  |f  j 
like  manner  with  respect  to  the  direction  ;   out  of  tie 
innumerable  angles  in  which  the  ball  might  be  sent  c! 
(I  mean  angles  formed  with  a  line  drawn  in  the  centre), 
none  would  serve  but  what  was  nearly  a  right  one :  ok j 
of  the  various  directions  in  which  the  cannon  might  h| 
pointed,  upwards  and  downwards,  every  one  would  AD,  j 
out  what  was  exactly  or  nearly  horizontal.     The  auefl ! 
thing  holds  true  of  the  planets :  of  our  own  amongst  the  j 
rest.    We  are  entitled  therefore  to  ask,  and  to  urge  the! 
Question,  Why  did  the  projectile  velocity  and  projectile ' 
direction  of  the  earth  happen  to  be  nearly  those  which, 
would  retain  it  in  a  circular  form  ?    Why  not  one  et] 
the  infinite  number  of  velocities,  one  of  the 
number  of  directions,  which  would  have  made  it  apj 
much  nearer  to,  or  recede  much  farther  from,  the  sunt 

The  planets  going  round,  all  in  the  same 
and  all  nearly  in  the  same  plane,  afforded  to  Baffin  i 
ground  for  asserting,  that  they  had  all  been  shiver 
from  the  sun  by  the  same  stroke  of  a  comet,  and  br  A 
stroke  projected  into  their  present  orbits.    Now,  oeei 
that  this  is  to  attribute  to  chance  Itae  fcrtniate 
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ity  and  direction  which  we  have  been  here 
hypothesis,  as  I  apprehend,  is  inconsistent 
3ical  laws  by  which  the  heavenly  motions 

If  the  planets  were  struck  off  from  the 
:  sun,  they  would  return  to  the  surface  of 
1.    Nor  will  this  difficulty  be  got  rid  of, 

that  the  same  violent  blow  which  shat- 
i's  surface,  and  separated  large  fragment* 
d  the  sun  himself  out  of  his  place ;  for,  the , 
•f  this  would  be  that  the  sun  and  system  of 
•ments  would  have  a  progressive  motion, 
,  may  possibly  be  the  case  with  our  sys- 
1  each  fragment  would,  in  every  revolution, 
surface  of  the  sun  again.  The  hypothesis, 
icted  by  the  vast  difference  which  subsists 
diameters  of  the  planetary  orbits.  The 
taturn  from  the  sun  (to  say  nothing  of 
Sidus)  is  nearly  five-and-twenty  times  that 
a  disparity  which  it  seems  impossible  to 

Button's  scheme.  Bodies  starting  from 
e,  with  whatever  difference  of  direction  or 
jet  off,  could  not  have  been  found  at  these 
nces  from  the  centre,  still  retaining  their 
•  orbits.  They  must  have  been  carried  to 
istances,  before  they  were  projected.* 

ppose  the  matter  of  the  system  to  be  accumu- 
:ntre  by  its  gravity,  no  mechanical  principles, 
ance  of  this  power  of  gravity,  could  separate 
into  such  parts  as  the  sun  and  planets; 
ing  them  to  their  different  distances,  project 
several  directions,  preserving  still  the  quality 
-action,  or  the  state  of  the  centre  of  gravity 
Such  an  exquisite  structure  of  things  could 
the  contrivance  and  powerful  influences  of 
ree,  and  most  potent  agent  The  same  powers, 
i,  at  present,  govern  the  material  universe, 
various  motions,  are  very  different  from  those 
essary  to  have  produced  it  from  nothing,  or 
i  it  in  the  admirable  form  in  which,  it  now 
claurin*8  Account  of  Newton* 8  Philosophy* 

r  2 
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iy,  the  great   thinj 
the  subject,  and  that  oft* 

the  im]iresaion  made  upon  the  sens 


the  apparent  sloumeit  of  their  morions. 


"  This  cat  represents  the  comet  of  1811,  the  ft, 
being  seen  through  its  tail,  which  extended  1 23,00 
milt*.  The  period  of  iti  resolution  is  calculated  i 
3,sixi  years.  The  great  comet  of  1680  was  calcn 
Sir  Isaac  Newton  to  hare  a  tail  of  80,000,000  o 
immediately  after  ita  perihelion,  a  periodic  time  of  57 
and  a  velocity,  when  nearest  the  ton,  of  880,000  nil 
hoar.  In  orbit  ii  bo  much  elongated  that  ita  gre« 
'■     efrom  the  ann  is  estimated  at  near  8,000  mi 


miles,  and  ita  least  at  only  150,000  miles.  Hallej' 
which  appeared  in  1682,  1759,  and  18.35,-  - probatd] 
1331  and  1607,— hat  a  moan  distance  from  the  son 
millions  of  miles,  the  earth's  mam  distance  being  9S,< 
bat  while  the  earth's  orbit  is  so  nearly  circular  I 
planet's  greatest  distance  ii  only  a  thirtieth  pert  mi 
iu  mallet.  Hub  comets  anbeW  (oi  greatest)  dit 
above  3,355  mi11inn«,  and  in  peritenon  (at  \BtK.; 
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some  hours  in  getting  half  a  yard  from  a  star 
ouched.  A  motion  so  deliberate  we  may  think 
ided.  Bat  what  is  the  fact  ?  The  moon,  in 
11  this  while,  driving  through  the  heavens  at 
f  considerably  more  than  two  thousand  miles  in. 

which  is  more  than  double  of  that  with  which' 
hot  off  from  the  mouth  of  a  cannon.  Yet  is 
igious  rapidity  as  much  under  government,  as 
met  proceeded  ever  so  slowly,  or  were  con*' 
its  coarse  inch  by  inch.  It  is  also  difficult  to 
i  imagination  to  conceive  (what  yet,  to  judge 
of  the  matter,  it  is  necessary  to  conceive)  how 
re  may  so'  express  it,  the  heavenly  bodies  are. 
i  globes,  held  by  nothing,  confined  by  nothing, 
i  into  free  and  boundless  space,  each  to  seek 
t  by  tike  virtue  of  an  invisible  principle ;  but  a 
,  one,  common,  and  the  same  in  all,  and  ascer- 

To  preserve  such  bodies  from  being  lost,  from 
together  in  heaps,  from  hindering  and  distract- 
mother's  motions,  in  a  degree  inconsistent  with 
aumg  order ;  h.  t.  to  cause  them  to  form  planet- 
ns,  systems  that,  when  formed,  can  be  upheld, 
;  especially,  systems  accommodated  to  the  organ- 
sensitive  natures,  which  the  planets  sustain,  as 
to  be  the  case,  where  alone  we  can  know  what 
is,  upon  our  earth :  all  this  requires  an  intelli- 
;rpositkm,  because-  it  can  be  demonstrated  con- 
it,  that  it  requires  an  adjustment  of  force, 

tillions,  or  sixty-one  times  less.  So  the  transverse 
')  axis  of  its  orbit  is  four  times  the  length  of  the 
(or  shorter)  axis ;  whereas  the  two  axes  of  the 
bit  differ  by  only  a  7000th  part  from  one  another. 
le  planetary  orbits  are  nearly  circular  also,  that  of 
ing  the  most  elongated,  and  in  the  proportion  of 
3.  But  the  orbits  of  the  comets  have  every  variety 
s  well  as  size,  and  their  motion  the  greatest  dififer- 
elocity;  yet  they  appear  all  to  follow  the  same 
lws,  and  these  the  same  by  which  the  planetary 
re  governed. 
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distance,  direction,  and  velocity,  out  of  the  rea< 
chance  to  have  produced ;  an  adjustment,  in  its  vi< 
utility,  similar  to  that  which  we  see  in  ten  thoi 
subjects  of  nature  which  are  nearer  to  us,  but  in  jx 
and  in  the  extent  of  space  through  which  that  pow 
exerted,  stupendous.*4 

M  (Note  of  Bishop  Brinkley.  See  Note  49.)  Sine 
publication  of  Dr.  Paley's  *  Natural  Theology '  it  has 
ascertained  that  a  resisting  medium  is  actually  dii 
through  our  system.  But  it  is  of  so  rare  a  nature,  thi 
planets  will  not  be  affected  by  it  for  an  immense  p 
The  existence  of  this  resisting  medium  has  been  ascert 
by  the  successive  revolutions  of  the  small  comet,  the  or 
which  was  first  accurately  computed  by  M.  Encke,  ax 
identity  verified  on  several  successive  returns.  We 
before  a  knowledge  of  the  weak  action  of  comets  oi 
planets,  and  of  the  consequent  smallness  of  their  massa 
was  also  inferred  that  they  were  bodies  of  small  density 
consequently  would  be  more  sensibly  affected  in  their  mc 
through  a  resisting  medium.  This  comet  was  found  in 
by  Miss  Herschel,  and  observed  also  by  her  brother, 
account  of  it,  when  considered  with  reference  to  wha 
since  been  ascertained  as  to  the  resistance  it  meets  wi 
its  course,  is  remarkable  (vide  Phil.  Trans.  1796,  p.  132 
"  The  comet  is  now  centrically  on  a  small  star.  It  is  a « 
telescopic  star  of  about  the  eleventh  or  twelfth  magni 
and  is  double,  very  unequal :  with  a  power  of  287  I  ca 
the  smallest  of  the  two  stars  perfectly  well.  This  si 
how  little  density  there  is  in  the  comet,  which  is  evid< 
nothing  but  what  may  be  called  a  collection  of  vapoi 
This  comet  is  also  remarkable  for  the  shortness  of  its  pei 
about  three  and  a  half  years,  not  receding  so  tar  from 
sun  as  the  planet  Jupiter.  In  the  solar  system  the  differ, 
between  the  two  classes  of  bodies  which  revolve  round 
sun,  and  are  retained  in  their  orbits  by  the  solar  actioi 
most  marked  and  distinct.  Comets  so  numerous  serve 
purposes  entirely  unknown  to  us.  Indeed,  hitherto  noj 
table  conjecture  has  been  formed  as  to  those  purposes.  7 
they  are  not  the  habitations  of  beings  similar  to  those  wa 
exist  on  the  earth  is  nearly  certain.  The  earth  and  pi' 
appear  wisely  adapted,  in  a  variety  of  ways,  for  the  or 
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Jim*;  many  of  the  heavenly  bodies,  as  the  sun  and  fixed 
s,  cure  stationary.  Their  rest  must  be  the  effect  of 
tb>ggc?nce  or  of  an  equilibrium  of  attractions.  It  proves 
,  -fciat  a  projectile  impulse  was  originally  given  to 
e  of  the  heavenly  bodies,  and  not  to  others.  But 
ier  :  if  attraction  act  at  all  distances,  there  can  only 
n^3  quiescent  centre  of  gravity  in  the  universe ;  and 
txxziies  whatever  must  be  approaching  this  centre  or 
Ivmsng  round  it.    According  to  the  first  of  these  sup- 


preservation  of  animals  and  vegetables.     The 
not  so  adapted.    In  one  case  orbits  nearly  circular 
quired,  in  the  other  they  were  not  required. 

is  another  circumstance  in  which  design  appears 

marked,  although  we  cannot  explain  the  purport  of 

planets  appear  to  be  placed  at  distances  from  the 

to  a  certain  law.    This  was  remarked  by 

Bode,  and  that  the  law  was  not  complete  unless  a 

ousted  between  Mars  and  Jupiter.    The  new  planets 

^feerwards  discovered,  each  of  them  circulating  between 

^and  Mars,  at  a  distance  from  the  sun  conformable  to 

'0**i«tured  law.*    The  cause  of  more  than  one  planet 

?  *ormd  at  this  distance  has,  with  some  degree  of  proba- 

»  t>«*en  derived  from  the  hypothesis  that  a  large  planet 

*^ex*  shattered  into  fragments,  which  fragments  are  the 

*■*     Ceres,  Vesta,  Pallas,  and  Juno.    That  wonderful 

r^s  occasionally  oner  themselves  to  our  notice,  as  won- 

I    as  the  destruction  of  a  planet,  is  exemplified  in  the 

**ance  and  disappearance  of  a  fixed  star.    A  star  sud- 

atppeared  in  1571,  of  a  degree  of  splendour  exceeding 

^  other  fixed  stars.    It  was  seen  during  sixteen  months, 

>ntinually  diminished  in  brightness  till  it  disappeared. 

i«  circumstances  of  it  are  well  attested  by  many  astro- 

*s,  and  others.    It  remained  fixed  in  one  spot  of  the 

tas  without  changing  its  place  among  the  other  stars  by 

Perceptible  quantity.    Although  astronomical  instru- 

at  that  time  did  not  admit  of  a  degree  of  precision  to 

ipared  with  those  of  the  present  time,  yet  the  observa- 

lade  on  it  by  several  astronomers  fully  suffice  to  show 

\  distance  from  us  must  have  been  at  least  between 

id  4000  times  that  of  the  sun  from  the  earth*  ot 

millions  of  miles. 

*  8ee  tfnt  note  to  chap,  xxv.  infrou 
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positions,  if  the  duration  of  the  world  had  been  long 
enough  to  allow  of  it,  all  its  parts,  all  the  great  bodies 
of  which  it  is  composed,  must  have  been  gathered  to- 
gether in  a  heap  round  this  point.  No  changes  however 
which  have  been  observed,  afford  us  the  smallest  ream 
for  believing  that  either  the  one  supposition  or  the 
other  is  true :  and  then  it  will  follow,  that  attraction 
itself  is  controlled  or  suspended  by  a  superior  agent: 
that  there  is  a  power  above  the  highest  of  the  powers  of 
material  nature ;  a  will  which  restrains  and  drcamscribeB 
the  operations  of  the  most  extensive.* 


*  It  must  here,  however,  be  stated  that  many  asl 
deny  that  any  of  the  heavenly  bodies  are  absolutely  •*> 
tionary.  Some  of  the  brightest  of  the  fixed  stars  have  «r- 
tainly  small  motions ;  and  of  the  rest  the  distance  is  to 
great,  and  the  intervals  of  our  observation  too  short  * 
enable  us  to  pronounce  with  certainty  that  they  may  lot 
have  the  same.  The  motions  in  the  fixed  stars  which  ant' 
been  observed  are  considered  either  as  proper  to  each  a* 
them,  or  as  compounded  of  the  motion  of  our  system,  and  of 
motions  proper  to  -each  star.  By  a  comparison  of  the* 
motions,  a  motion  in  our  system  is  supposed  to  be  discovewi 
By  continuing  this  analogy  to  other  and  to  all  systems,  Hi 
possible  to  suppose  that  attraction  is  unlimited,  and  tint  Af 
whole  material  universe  is  revolving  round  some  fixed  pott 
within  its  containing  sphere  or  space. — Note  ofiht  AmAst, 


; 
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CHAPTER  XXIII. 

Or  THE  FEBSOKALITT  OF  THE  DEITY. 

iTBivAjrcE,  if  established,  appears  to  me  to  prove 
y  thing  which  we  wish  to  prove.  Amongst  other 
igs,  it  proves  the  personality  of  the  Deity,  as  distin- 
ihed  from  what  is  sometimes  called  nature,  sometimes 
ed  a  principle :  which  terms,  in  the  mouths  of  those 
>  use  them  philosophically,  seem  to  be  intended  to 
lit  and  to  express  an  efficacy,  but  to  exclude  and  to 
y  a  personal  agent.  Now  that  which  can  contrive, 
ch  can  design,  must  be  a  person.  These  capacities 
rtitute  personality,  for  they  imply  consciousness  and 
jght.  They  require  that  which  can  perceive  an  end 
purpose ;  as  well  as  the  power  of  providing  means, 
directing  them  to  their  end.*  They  require  a  centre 
vrhkh  perceptions  unite,  and  from  which  volitions 
r;  which  is  mind.  The  acts  of  a  mind  prove  the 
fence  of  a  mind ;  and  in  whatever  a  mind  resides,  is 
irson.  The  seat  of  intellect  is  a  person.  We  have 
uithority  to  limit  the  properties  of  mind  to  any  par- 
lar  corporeal  form,  or  to  any  particular  circumscrip- 
.  of  space.  These  properties  subsist,  in  created 
ire,  under  a  great  variety  of  sensible  forms.  Also 
ry  animated  being  has  its  sensorium;  that  is,  a  cer- 
portion  of  space,  within  which  perception  and 
tion  are  exerted.  This  sphere  may  be  enlarged  to 
indefinite  extent;  may  comprehend  the  universe; 
,  being  so  imagined,  may  serve  to  furnish  us  with  as 
d  a  notion  as  we  are  capable  of  forming,  of  the  i»- 
stiy  of  the  Divine  Nature,  i.  e.  of  a  Divine  Being, 

Priestley's  Letters  to  a  Philosophical  \3ifte\teTOt,  ft. 
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infinite,  as  well  in  essence  as  in  power  ;  yet  nevertheless 
a  person. 

"  No  man  hath  seen  God  at  any  time."     And  this,  I 
believe,  makes  the  great  difficulty.    Now  it  is  a  diffi- 
culty which  chiefly  arises  from  our  not  duly  estimating 
the  state  of  our  faculties.    The  Deity,  it  is  true,  is  the 
object  of  none  of  our  senses ;  but  reflect  what  limited 
capacities  animal  senses  are.     Many  animals  seem  to 
have  but  one  sense,  or  perhaps  two  at  the  most ;  touch 
and  taste.     Ought  such  an  animal  to  conclude  ag&hut 
the  existence  of  odours,  sounds,  and  colours  ?     To  as- 
other  species  is  given  the  sense  of  smelling.     This  is  a 
advance  in  the  knowledge  of  the  powers  and  properties 
of  nature :  but,  if  this  favoured  annual  should  infer  firaa 
its  superiority  over  the  class  last  described,  that  it  per- 
ceived everything  which  was  perceptible  in  nature,  it  is 
known  to  us,  though  perhaps  not  suspected  by  the  ani- 
mal itself,  that  it  proceeded  upon  a  raise  and  presump- 
tuous estimate  of  its  faculties.    To  another  is  added  tie 
sense  of  hearing;  which  lets  in  a  class  of  sensation 
entirely  unconceived  by  the  animal  before  spoken  of; 
not  only  distinct,  but  remote  from  any  which  tt  had  ever 
experienced,  and  greatly  superior  to  them.     Yet  tins 
last  animal  has  no  more  ground  for  believing  that  is) 
senses  comprehend  all  things,  and  all    properties  of 
things,  which  exist,  than  might  have  been  claimed  b? 
the  tribes  of  animals  beneath  it ;  for  we  know  that  it  • 
still  possible  to  possess  another  sense,  that  of  sight, 
which  shall  disclose  to  the  percipient  a  new  worn 
This  fifth  sense  makes  the  animal  what  the  hum* 
animal  is :   but  to  infer  that  possibility  stops  here ;  thst 
either  this  fifth  sense  is  the  last  sense,  or  that  the  fie  _ 
comprehend  all  existence, — is  just  as  unwarrantable  t  I* 
conclusion  as  that  which  might  have  been  made  by  sat  |r 
of  the  different  species  which  possessed  fewer,  or  erei  I 
by  that,  if  such  there  be,  which  possessed  only  of*  IJ 
The  conclusion  of  the  one-sense  animal,  and  the  est 
elusion  of  the  five-sense  animal,  stand  upon  die  ssasf 
authority.    There  may  be  more  and  other  senses  Asa 
those  which  we  have.    There  may  be  leuna  suited to 
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the  perception  of  the  powers,  properties,  and  substance 
of  spirits.  These  may  belong  to  higher  orders  of  n 
tional  agents ;  for  there  is  not  the  smallest  reason  ft 
supposing  that  we  are  the  highest,  or  that  the  scale  < 
creation  stops  with  us. 

The  great  energies  of  nature  are  known  to  us  only  b 
their  effects.  The  substances  which  produce  them  ar 
as  much  concealed  from  our  senses  as  tne  Divine  easenc 
itself.  Gravitation,  though  constantly  present,  tboug 
constantly  exerting  its  influence,  though  evcrywher 
around  us,  near  us,  and  within  us;  though  diffuse* 
throughout  all  space,  and  penetrating  the  texture  of  al 
bodies  with  which  we  are  acquainted,  depends,  if  upoi 
a  fluid,  upon  a  fluid  which,  though  both  powerful  ani 
universal  in  its  operation,  is  no  object  of  sense  to  us ;  i 
upon  any  other  kind  of  substance  or  action,  upon  a  sub 
stance  and  action  from  which  we  receive  no  distinguish 
able  impressions.  Is  it  then  to  be  wondered  at  that  i 
should,  in  some  measure,  be  the  same  with  the  Divini 
nature? 

Of  this,  however,  we  are  certain,  that  whatever  th< 
Deity  be,  neither  the  universe,  nor  any  part  of  it  whict 
we  see,  can  be  He.    The  universe  itself  is  merely  i 
collective  name :  its  parts  are  all  which  are  real ;  01 
which  are  things.    Now  inert  matter  is  out  of  the  ques- 
tion; and  organized  substances  include  marks  of  con- 
trivance.   But  whatever  includes  marks  of  contrivance, 
whatever,  in  its  constitution,  testifies  design,  necessarily 
carries  us  to  something  beyond  itself,  to  some  other  being, 
to  a  designer  prior  to,  and  out  of  itself.    No  animal,  for 
instance,  can  nave  contrived  its  own  limbs  and  senses : 
can  have  been  the  author  to  itself  of  the  design  with 
which  they  were  constructed.    That  supposition  involves 
all  the  absurdity  of  self-creation,  i.  e.  of  acting  without 
existing.     Nothing  can  be  God,  which  is  ordered  by  a 
wisdom  and  a  will,  which  itself  is  void  of;  which  is  in- 
debted for  any  of  its  properties  to  contrivance  ab  extra. 
The  not  having  that  in  his  nature  which  reqi««~-  *u~ 
exertion  of  anotherpnor  being  (which  proper 
times  called  aelf-sumcienoy,  and  sometime*  1 
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hension)  appertains  to  the  Deity,  as  his  essential  distine* 
tion,  and  removes  his  nature  from  that  of  all  things  which 
we  see.  Which  consideration  contains  the  answer  to  a 
question  that  has  sometimes  been  asked,  namely,  Why, 
since  something  or  other  most  have  existed  from  eternity, 
may  not  the  present  universe  be  that  something  ?  The 
contrivance  perceived  in  it  proves  that  to  be  impossible. 
Nothing  contrived  can,  in  a  strict  and  proper  sense,  be 
eternal,  forasmuch  as  the  contriver  must  nave  existed 
before  the  contrivance. 

Wherever  we  see  marks  of  contrivance,  we  are  led 
for  its  cause  to  an  inteUigmt  author.  And  thutnntitioB 
of  die  understanding  is  founded  upon  uniform  experience. 
We  see  intelligence  constantly  contriving ;  that  is,  we 
tee  intelligence  constantly  producing  effects,  marked  end 
distinguished  by  certain  properties ;  not  certain  porticmkr 
properties,  but  by  a  kind  and  class  of  properties,  such  ei 
relation  to  an  end,  relation  of  parts  to  one  another,  and 
to  a  common  purpose.  We  see,  wherever  we  are  wife 
nesses  to  the  actual  formation  of  things,  nothing*  except 
intelligence  producing  effects  so  marked  ana  distin- 
guished. Furnished  with  this  experience,  we  view  At 
productions  of  nature.  We  observe  them  also  marked 
and  distinguished  in  the  same  manner.  We  wish  to  ac- 
count for  their  origin.  Our  experience  suggests  a  canst 
perfectly  adequate  to  this  account  No  experience,  at 
single  instance  or  example,  can  be  offered  in  favour  ef 
any  other.  In  this  cause,  therefore,  we  ought  to  rest; 
in  this  cause  the  common  sense  of  mankind  has,  in  fact, 
rested,  because  it  agrees  with  that,  which,  in  all  casas 
is  the  foundation  of  knowledge, — the  undeviating  coaxal 
of  their  experience.  The  reasoning  is  the  same  as  met 
by  which  we  conclude  any  ancient  appearances  to  haw 
been  the  effects  of  volcanoes  or  inundations;  namely, 
because  they  resemble  the  effects  which  fire  and 
produce  before  our  eyes;  and  because  we  have 
known  these  effects  to  result  from  any  other  o\ 
And  this  resemblance  may  subsist  in  so  many 
stances,  as  not  to  leave  us  under  the  smallest  doubt  ia 
farming  our  opinion.    Men  axe  uc&  faretad  by  tab 
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mooing;  for  whenever  it  happens,  as  it  sometime* 

>es  happen,  that  the  truth  comes  to  be  known  by  direct 

formation,  it  turns  out  to  be  what  was  expected.    In 

ie  manner,  and  upon  the  same  foundation  (which  in 

uth  is  that  of  experience),  we  conclude  that  the  works 

'nature  proceed  from  intelligence  and  design ;  because, 

i  the  properties  of  relation  to  a  purpose,  subserviency 

>  a  use,  they  resemble  what  intelligence  and  design  are 

instantly  producing,  and  what  nothing  except  intelli- 

»nce  and  design  ever  produce  at  all.    Of  every  argu- 

ent,  which  would  raise  a  question  as  to  the  safety  of 

is  reasoning,  it  may  be  observed,  that  if  such  argument 

j  listened  to,  it  leads  to  the  inference,  not  only  that 

ie  present  order  of  nature  is  insufficient  to  prove  the 

tistence  of  an  intelligent  Creator,  but  that  no  imagin- 

>le  order  would  be  sufficient  to  prove  it,  that  no  con- 

ivance,  were  it  ever  so  mechanical,  ever  so  precise, 

rer  so  clear,  ever  so  perfectly  like  those  which  we  our- 

lves  employ,  would  support  this  conclusion — a  doctrine 

which  I  conceive  no  sound  mind  can  assent 

The  force,  however,  of  the  reasoning  is  sometimes 

ik  by  our  taking  up  with  mere  names.    We  have 

»dy  noticed,*  and  we  must  here  notice  again,  the 

application  of  the  term  "  law,'1  and  the  mistake  con- 

ung  the  idea  which  that  term  expresses  in  physics, 

mever  such  idea  is  made  to  take  tne  place  of  power, 

still  more  of  an  intelligent  power,  and  as  such,  to 

signed  for  the  cause  of  any  thing,  or  of  any  property 

\y  thing,  that  exists.     This  is  what  we  are  secretly 

o  do,  when  we  speak  of  organized  bodies  (plants 

^stance,  or  animals)  owing  their  production,  their 

their  growth,  their  qualities,  their  beauty,  their 

o  any  law  or  laws  of  nature ;  and  when  we  are 

ited  to  sit  down  with  that  answer  to  our  inquiries 

ning  them.    I  say  once  more,  that  it  is  a  perver- 

'  language  to  assign  any  law,  as  the  efficient,  ope* 

siuse  of  any  thing.    A  law  pre-supposes  an  agent, 

only  the  mode  according  to  which  an  agent  pro- 

*  Chap.  L  sect  viL 
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ceeds ;  it  implies  a  power,  for  it  is  the  order  according 
to  which  that  power  acts.  Without  this  agent,  without 
this  power,  which  are  both  distinct  from  itself,  the 
"  law"  does  nothing  ;  is  nothing. 

What  has  been  said  concerning  "  law,"  holds  true  of 
mechanism.  Mechanism  is  not  itself  power.  Mechn- 
ism,  without  power,  can  do  nothing.  Let  a  watch  be 
contrived  and  constructed  ever  so  ingeniously;  be  lb 
parts  ever  so  many,  ever  so  complicated,  ever  so  finely 
wrought  or  artificially  put  together,  it  cannot  go  withoat 
a  weight  or  spring,  i.  e.  without  a  force  independent  <*> 
and  ulterior  to,  its  mechanism.  The  spring  acting  si 
the  centre,  will  produce  different  motions  and  different 
results,  according  to  the  variety  of  the  intermediate 
mechanism.  One  and  the  self-same  spring,  acting  n 
one  and  the  same  manner,  viz.  by  simply  expanding  it- 
self, may  be  the  cause  of  a  hundred  different  and  tfl 
useful  movements,  if  a  hundred  different  and  well-de- 
vised sets  of  wheels  be  placed  between  it  and  the  fine! 
effect :  e.  g.  may  point  out  the  hour  of  the  day,  the  der 
of  the  month,  the  age  of  the  moon,  the  position  of  the 
planets,  the  cycle  of  the  years,  and  many  other  service- 
able notices ;  and  these  movements  may  fulfil  their  par- 
poses  with  more  or  less  perfection,  according  at  the 
mechanism  is  better  or  worse  contrived,  or  better  or 
worse  executed,  or  in  a  better  or  worse  state  of  repair: 
but  in  all  cases  it  is  necessary  that  the  spring  act  at  At 
centre.  The  course  of  our  reasoning  upon  such  a  subject 
would  be  this :  By  inspecting  the  watch,  even  wfles 
standing  still,  we  get  a  proof  of  contrivance,  and  of  a 
contriving  mind,  having  been  employed  about  it.  It 
the  form  and  obvious  relation  of  its  parts,  we  see  enough 
to  convince  us  of  this.  If  we  pull  the  works  in  pieces 
for  the  purpose  of  a  closer  examination,  we  are  aw 
more  fully  convinced.  But,  when  we  see  the  wart 
going ,  we  see  proof  of  another  point,  viz.  that  there  kt 
power  somewhere,  and  somehow  or  other  applied  to  It; 
a  power  in  action ; — that  there  is  more  in  the  subject 
than  the  mere  wheels  of  the  machine ; — that  there  fc 
a  secret  spring,  or   a   grerite&ug  ^»ums^\---*n.  • 


* 
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word,  that  there  is  force,  and   energy,  as  well  as 
mechanism. 

So,  then,  the  watch  in  motion  establishes  to  the  ob- 
server two  conclusions:  One, — that  thought,  contriv- 
ance, and  design,  have  been  employed  in  the  forming, 
proportioning,  and  arranging  of  its  parts,  and  that  who- 
ever or  wherever  he  be,  or  were,  such  a  contriver  there 
is,  or  was :  The  other, — that  force  or  power,  distinct 
from  mechanism,  is,  at  this  present  time,  acting  upon  it. 
If  I  saw  a  hand-mill  even  at  rest,  I  should  see  contriv- 
ance :  but  if  I  saw  it  grinding,  I  should  be  assured  that 
a  hand  was  at  the  windlass,  though  in  another  room.  It 
is  the  same  in  nature.  In  the  works  of  nature  we  trace 
mechanism;  and  this  alone  proves  contrivance:  but 
living,  active,  moving,  productive  nature,  proves  also 
the  exertion  of  a  power  at  the  centre :  for,  wherever  the 
power  resides  may  be  denominated  the  centre. 

The  intervention  and  disposition  of  what  are  called 
"  second  causes"  fall  under  the  same  observation.  This 
-disposition  is  or  is  not  mechanism,  according  as  we  can 
or  cannot  trace  it  by  our  senses  and  means  of  examina- 
tion. That  is  all  the  difference  there  is ;  and  it  is  a  dif- 
ference which  respects  our  faculties,  not  the  things  them- 
selves. Now  where  the  order  of  second  causes  is  me- 
chanical, what  is  here  said  of  mechanism  strictly  applies 
to  it.  But  it  would  be  always  mechanism  (natural  che- 
mistry, for  instance,  would  be  mechanism),  if  our  senses 
were  acute  enough  to  descry  it.  Neither  mechanism, 
therefore,  in  the  works  of  nature,  nor  the  intervention 
of  what  are  called  second  causes  (for  I  think  that  they 
are  the  same  thing),  excuses  the  necessity  of  an  agent 
distinct  from  both. 

If,  in  tracing  these  causes,  it  be  said  that  we  find  cer- 
tain general  properties  of  matter  which  have  nothing  in 
them  that  bespeaks  intelligence,  I  answer,  that  still  the 
managing  of  these  properties,  the  pointing  and  directing 
them  to  the  uses  wnich  we  see  made  of  them,  demands- 
Intelligence  in  the  highest  degree.  For  example :  sup- 
pose animal  secretions  to  be  elective  attractions,  wxd. 
that  such  Mad  such  attractions  universally  belong  to  ww&k 
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and  such  substances — in  all  which  there  is  no  intellect 
concerned ;  still  the  choice  and  collocation  of  these  sub- 
stances, the  fixing  upon  right  substances,  and  disposing 
them  in  right  places,  must  be  an  act  of  intelligence. 
What  mischief  would  follow  were  there  a  single  transpo- 
sition of  the  secretory  organs ;  a  single  mistake  in  ar- 
ranging the  glands  which  compose  them ! 

There  may  be  many  second  causes,  and  many  cornm 
of  second  causes,  one  behind  another,  between  what  it 
observe  of  nature,  and  the  Deity :  but  there  must  be 
intelligence  somewhere :  there  must  be  more  in  natsff 
than  what  we  see;  and,  amongst  the  things  unseeo, 
there  must  be  an  intelligent,  designing  author.  The 
philosopher  beholds  with  astonishment  the  production  of 
things  around  him.  Unconscious  particles  of  matter  tabs 
their  stations,  and  severally  range  themselves  in  an  order, 
so  as  to  become  collectively  plants  or  animals,  i\  e.  e> 
ganised  bodies,  with  parts  bearing  strict  and  evident  re- 
lation to  one  another,  and  to  the  utility  of  the  whole: 
and  it  should  seem  that  these  particles  could  not  mofi 
in  any  other  way  than  as  they  do ;  for  they  testify  net 
the  smallest  sign  of  choice,  or  liberty,  or  discreaoa, 
There  may  be  particular  intelligent  beings,  guiding;  the* 
motions  in  each  case :  or  they  may  be  the  result  of  tnfasi  |li 
of  mechanical  dispositions,  fixed  beforehand  by  an  ie- 
telligent  appointment,  and  kept  in  action  by  a  power  attb* 
centre.    But,  in  either  case,  there  must  be  intelligence. 

The  minds  of  most  men  are  fond  of  what  they  eel  l 
principle,  and  of  the  appearance  of  simplicity,  in  a> 
counting  for  phcenomena.  Yet  this  principle,  due  she* 
plicity,  resides  merely  in  the  name :  which  name,  after 
all,  comprises,  perhaps,  under  it  a  diversified,  mnftkV 
rious,  or  progressive  operation,  distinguishable  into  part 
The  power  in  organised  bodies,  of  producing  botfiet 
like  themselves,  is  one  of  these  principles.  Give  a  pat 
losopher  this,  and  he  can  get  on.  But  he  does  not  ie> 
fleet  what  this  mode  of  production,  this  principle  (tf 
such  he  choose  to  call  it)  requires ;  how  much  it  pp> 
supposes ;  what  an  apparatus  of  instruments,  tame  at 
watch  are  strictly  mechanical,  it  tuwssbbtj  to  Vbraoosa; 
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at  ft  train  it  includes  of  operations  and  changes,  one 

needing  another,  one  related  to  another,  one  minister- 

'  to  another,  all  advancing,  by  intermediate,  and,  fre- 

mtly,  by  sensible  steps,  to  their  ultimate  result !    Yet. 

jause  the  whole  of  this  complicated  action  is  wrappea 

in  a  single  term,  generation,  we  are  to  set  it  down  as 

elementary  principle ;  and  to  suppose,  that  when  we 

re  resolved  the  things  which  we  see  into  this  prin- 

le,  we  have  sufficiently  accounted  for  their  origin, 

hoot  the  necessity  of  a  designing,  intelligent  Creator. 

e  truth  is,  generation  is  not  a  principle,  but  a  process. 

b  might  as  well  call  the  casting  of  metals  a  principle ; 

might,  so  far  as  appears  to  me,  as  well  call  spinning 

I  weaving  principles :  and  then,  referring  the  texture 

?loths,  the  fabric  of  muslins  and  calicoes,  the  patterns 

diapers  and  damasks,  to  these,  as  principles,  pretend 

dispense  with  intention,  thought,  and  contrivance,  on 

part  of  the  artist ;  or  to  dispense,  indeed,  with  the 

«ssity  of  any  artist  at  all,  either  in  the  manufacturing 

the  article,  or  in  the  fabrication  of  the  machinery 

vhich  the  manufacture  was  carried  on. 

nd,  after  all,  how,  or  in  what  sense  is  it  true,  that 

als  produce  their  tike?    A  butterfly,  with  a  pro- 

»  instead  of  a  mouth,  with  four  wings  and  six  legs, 

ices  a  hairy  caterpillar,  with  jaws  and  teeth,  and 

en  feet.    A  frog  produces  a  tadpole.    A  black 

,  with  gauze  wings,  and  a  crusty  covering,  produces 

»,  smooth,  soft  worm  ;  an  ephemeron  fly,  a  cod- 

aggot.    These,  by  a  progress  through  different 

*f  life,  and  action,  and  enjoyment  (and,  in  each 

-ovided  with  implements  and  organs  appropriated 

tmporary  nature  which  they  bear),  arrive  at  last 

rm  and  fashion  of  the  parent  animal.     But  all 

irocess,  not  principle ;  and  proves,  moreover, 

woperty  of  animated  bodies,  of  producing  their 

igs  to  them,  not  as  a  primordial  property,  not 

nd  necessity  in  the  nature  of  things,  but  as 

>f  ceconomy,  wisdom,  and  design  ;  because  the 

self  assumes  diversities,  and  submits  to  fa*v- 
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ations  dictated  by  intelligible  utilities,  and  serving  dis- 
tinct purposes  of  animal  happiness. 

The  opinion,  which  would  consider  "  generation"  as 
a  principle  in  nature  ;  and  which  would  assign  this  prin- 
ciple as  the  cause,  or  endeavour  to  satisfy  our  minds 
with  such  a  cause,  of  the  existence  of  organised  bodies, 
is  confuted,  in  my  judgment,  not  only  by  every  mark  ot 
contrivance  discoverable  in  those  bodies,  for  which  it 
gives  us  no  contriver,  offers  no  account  whatever ;  bat 
also  by  the  further  consideration,  that  things  generated  T 
possess  a  clear  relation  to  things  not  generated.  If  k 
were  merely  one  part  of  a  generated  body  bearing  a  re- 
lation to  another  part  of  the  same  body ;  *as  the  mouth  of 
an  animal  to  the  throat,  the  throat  to  the  stomach,  fto 
stomach  to  the  intestines,  those  to  the  recruiting  of  tho 
blood,  and,  by  means  of  the  blood,  to  the  nourishment 
of  the  whole  frame :  or  if  it  were  only  one  generated  I 
body  bearing  a  relation  to  another  generated  body:  m  ' 
the  sexes  of  the  same  species  to  each  other,  animals  of  k, 
prey  to  their  prey,  herbivorous  and  granivorous  animtb  |, 


to  the  plants  or  seeds  upon  which  they  feed ;  it  might  bo  .. 
contended,  that  the  whole  of  this  correspondency  wm  L 
attributable  to  generation,  the  common  origin  from  which  L 
these  substances  proceeded.  But  what/shall  we  say  to  L 
agreements  which  exist  between  things  generated  aid  L 
things  not  generated?  Can  it  be  doubted,  was  it  em  lj 
doubted,  but  that  the  lungs  of  animals  bear  a  relation  to  L 
the  air,  as  a  permanently  elastic  fluid  ?  They  act  b  it, 
and  by  it ;  they  cannot  act  without  it.  Now,  if  gens- 
ration  produced  the  animal,  it  did  not  produce  the  air: 
yet  their  properties  correspond.  The  eye  is  made  fir 
light,  and  light  for  the  eye.  The  eye  would  be  of  at 
use  without  light,  and  light  perhaps  of  little  wfthoot 
eyes  ;  yet  one  is  produced  by  generation,  the  other  not 
The  ear  depends  upon  undulations  of  air.  Here  no 
two  sets  of  motions ;  first,  of  the  pulses  of  the  sir;  ot* 
condly,  of  the  drum,  bones,  and  nerves  of  the  ear;  soU 
of  motions  bearing  an  evident  reference  to  each  otasfi 
yet  the  one,  and  the  apparatus  for  the  one,  prodaced  If. 
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tervention  of  generation ;  the  other  altogether  in- 
dent of  it 

it  be  said,  that  the  air,  the  light,  the  elements,  the 
itself,  is  generated;  I  answer,  that  I  do  not  com- 
nd  the  proposition.     If  the  term  mean  any  thing 
r  to  what  it  means  when  applied  to  plants  or  ani- 
the  proposition  is  certainly  without  proof :  and,  I 
draws  as  near  to  absurdity  as  any  proposition  can 
tiich  does  not  include  a  contradiction  in  its  terms, 
at  a  loss  to  conceive  how  the  formation  of  the 
can  be  compared  to  the  generation  of  an  animal. 
!  term  generation  signify  something  quite  different 
rhat  it  signifies  on  ordinary  occasions,  it  may,  by 
me  latitude,  signify  any  thing.     In  which  case,  a 
or  phrase  taken  from  the  language  of  Otaheite 
convey  as  much  theory  concerning  the  origin  of 
iverse,  as  it  does  to  talk  of  its  being  generated, 
know  a  cause  (intelligence)  adequate  to  the  ap- 
ices which  we  wish  to  account  for :  we  have  this 
continually  producing  similar  appearances :  yet  ro- 
;  this  cause,  the  sufficiency  of  which  we  know, 
e  action  of  which  is  constantly  before  our  eyes, 
3  invited  to  resort  to  suppositions  destitute  of  ft 
fact  for  their  support,  and  confirmed  by  no  ana- 
rith  which  we  are  acquainted.    Were  it  necessary 
lire  into  the  motives  of  men's  opinions,  I  mean 
notives  separate  from  their  arguments ;  I  should 
suspect,  tnat,  because  the  proof  of  a  Deity  drawn 
he  constitution  of  nature  is  not  only  popular  but 
(which  may  arise  from  the  cogency  of  the  proof, 
i  indeed  its  highest  recommendation),  and  because 
species  almost  of  puerility  to  take  up  with  it ;  for 
reasons,  minds,  which  are  habitually  in  search  of 
ion  and  originality,    feel  a  resistless  inclination 
te  off  into  other  solutions  and  other  expositions, 
nth  is,  that  many  minds  are  not  so  indisposed  to 
ing  which  can  be  offered  to  them,  as  they  are  to 
tness  of  being  content  with  common  reasons  :  and, 
i  most  to  be  lamented,  minds  conscious  oi  swpvrv- 
ve  the  most  liable  to  this  repugnancy. 
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The  "  suppositions"  here  alluded  to  all  agree  in  < 
character  :  they  all  endeavour  to  dispense  with  the 
cessity  in  nature  of  a  particular,  personal  intelligent 
that  is  to  say,  with  the  exertion  of  an  intending,  c 
triving  mind,  in  the  structure  and  formation  of  the 
ganised  constitutions  which  the  world  contains.  Tl 
would  resolve  all  productions  into  unconscious  energ 
of  a  like  kind,  in  that  respect,  with  attraction,  magi 
ism,  electricity,  &c. ;  without  any  thing  further. 

In  this,  the  old  system  of  atheism  and  the  new  agi 
And  I  much  doubt  whether  the  new  schemes  have 
vanced  any  thing  upon  the  old,  or  done  more  t 
changed  the  terms  of  the  nomenclature.  For  instai 
I  could  never  see  the  difference  between  the  antiqu 
system  of  atoms,  and  Bufibn.'s  organic  molecules.  1 
philosopher,  having  made  a  planet  by  knocking  off  fi 
the  sun  a  piece  of  melted  glass,  in  consequence  of 
stroke  of  a  comet ;  and  having  set  it  in  motion,  by 
same  stroke,  both  round  its  own  axis  and  the  sun ;  £ 
his  next  difficulty  to  be,  how  to  bring  plants  and  anil 
upon  it.  In  order  to  solve  this  difficulty,  we  are  to  i 
pose  the  universe  replenished  with  particles,  endp 
with  life,  but  without  organisation  or  senses  of  tl 
own;  and  endowed  also  with  a  tendency  to  mar 
themselves  into  organised  forms.  The  concourse 
these  particles,  by  virtue  of  this  tendency,  but  wid 
intelligence,  will,  or  direction  (for  I  do  not  find  i 
any  of  these  qualities  are  ascribed  to  them),  has  prodi 
the  living  forms  which  we  now  see. 

Very  few  of  the  conjectures,  which  philosopi 
hazard  upon  these  subjects,  have  more  of  pretensioi 
them,  than  the  challenging  you  to  show  tne  direct 
possibility  of  the  hypothesis.  In  the  present  exam 
there  seemed  to  be  a  positive  objection  to  the  wl 
scheme  upon  the  very  face  of  it ;  which  was  that,  if 
case  were  as  here  represented,  new  combinations  ot 
to  be  perpetually  taking  place ;  new  plants  and  anin 
or  organised  bodies  which  were  neither,  ought  to 
starting  up  before  our  eyes  every  day.  For  this,  h 
ever,  our  philosopher  has  an  amraox.   "WD&sJtifcu 
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>t  plants  and  animals  are  already  in  existence, 
msequently,  so  many  "  internal  moulds,'*  as  he 
em,  are  prepared  and  at  hand,  the  organic  par- 
un  into  these  moulds,  and  are  employed  in  sup- 
an  accession  of  substance  to  them,  as  well  for 
growth,  as  for  their  propagation.  By  which 
things  keep  their  ancient  course.  But,  says  the 
lilosopher,  should  any  general  loss  or  destruction 

present  constitution  of  organised  bodies  take 
the  particles,  for  want  of  "  moulds"  into  which 
ight  enter,  would  run  into  different  combinations, 
plenish  the  waste  with  new  species  of  organised 
ces. 

ere  any  history  to  countenance  this  notion  ?  Is 
11  that  any  destruction  has  been  so  repaired  ?  any 
hus  re-peopled  ? 

ur  as  I  remember,  the  only  natural  appearance 
led  by  our  author,  by  way  of  fact  wnereon  to 
is  hypothesis,  is  the  formation  of  worms  in  the 
es  of  animals,  which  is  here  ascribed  to  the  coa- 
>f  superabundant  organic  particles,  floating  about 
first  passages ;  and  which  have  combined  them- 
into  these  simple  animal  forms,  for  want  of  inter- 
dds,  or  of  vacancies  in  those  moulds,  into  which 
ight  be  received.  The  thing  referred  to  is  rather 
js  of  facts,  than  a  single  fact ;  as  some  other  cases 
ith  equal  reason,  be  included  under  it  But  to 
t  a  fact  at  all,  or,  in  any  sort,  applicable  to  the 
1,  we  must  begin  with  asserting  an  equivocal  gene- 
contrary  to  analogy,  and  without  necessity :  con* 
»  an  analogy,  which  accompanies  us  to  the  very 
f  our  knowledge  on  inquiries ;  for  wherever,  either 
s  or  animals,  we  are  able  to  examine  the  subject, 

procreation  from  a  parent  form :  without  neces- 
r  I  apprehend  that  it  is  seldom  difficult  to  suggest 
s  by  which  the  eggs,  or  spawn,  or  yet  invisible 
its  of  these  vermin,  may  have  obtained  a  passage 
i  cavities  in  which  they  are  found.*    Add  to  this, 

mt  I  may  be  excused  for  not  citing,  as  anrithoe  tafc 
to  confirm  the  hypothesis,  a  grave  asaertaon  <&  $fifc 
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that  their  constancy  to  their  species,  which %  I  believe,  k 
as  regular  in  these  as  in  the  other  vermes,  decides  the 
question  against  our  philosopher,  if,  in  truth,  any  ques- 
tion remained  upon  the  subject. 

Lastly ;  these  wonder-working  instruments,  these  "  in- 
ternal moulds,"  what  are  they  after  all  ?  what,  when  ex- 
amined, but  a  name  without  signification ;  unintelligibltj 
if  not  self-contradictory ;  at  the  best,  differing  in  notbJaf 
from  the  "  essential  forms"  of  the  Greek  philosophy? 
One  short  sentence  of  Buffon's  work  exhibits  his  scnssM 
as  follows :  "  When  this  nutritious  and  prolific  metier, 
which  is  diffused  throughout  all  nature,  passes  throaty 
the  internal  mould  of  an  animal  or  vegetable,  and  nam 
a  proper  matrix,  or  receptacle,  it  gives  rise  to  an  adnl 
or  vegetable  of  the  same  species,"  Does  any  reader  *v 
nex  a  meaning  to  the  expression  "  internal  mould,*  m 
this  sentence  ?  Ought  it  then  to  be  said,  that,  thesja 
we  have  little  notion  of  an  internal  mould,  we  hate  sat 
much  more  of  a  designing  mind  ?  The  very  contrary  at 
this  assertion  is  the  truth.  When  we  speak  of  an  snip 
ficer  or  an  architect,  we  talk  of  what  is  comprehensials 
to  our  understanding,  and  familiar  to  our  experience. 
We  use  no  other  terms,  than  what  refer  us  tor  that 
meaning  to  our  consciousness  and  observation ;  what  ex- 
press the  constant  objects  of  both :  whereas  names  Hs 
that  we  have  mentioned  refer  us  to  nothing ;  excite  at 
idea ;  convey  a  sound  to  the  ear,  but  I  think  do  no  mom 

Another  system,  which  has  lately  been  brought  ft* 
ward,  and  with  much  ingenuity,  is  that  of  dppetemem. 
The  principle,  and  the  short  account  of  the  theory ^b 
this :  Pieces  of  soft,  ductile  matter,  being  endued  vn 

Eropensities  or  appetencies  for.  particular  actions,  wobU, 
y  continual  endeavours,  carried  on  through  a  long  serial 
of  generations,  work  themselves  gradually  into  suitable 
forms ;  and,  at  length,  acquire,  though  perhaps  by  obsess 
and  almost  imperceptible  improvements,  an  organisftOBi 
fitted  to  the  action  which  their  respective  propensuis) 

writer,  that  the  branches  of  trees  upon  which  the  stagftsS) 
break  out  again  in  his  horns.    Such  /acta  merit  no  <nsm> 
uon. — (Note  of  the  Author.) 
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^C^  d?8111  *°  exert-     -A.  piece  of  animated  matter,  for  ei 
V  ^tu1  ^tgt  was  endued  w*th  a  propensity  to  Jit/,  thougl 

*  -  ^j^H°  ■kaPelC88>  though  no  other  we  will  sup|x)se  thai 
v  >T  W^  °*li  to  begin  with,  would,  in  a  course  of  ages,  i 
>\^f  fjf  *  a  million  of  years,  perhaps  in  a  hundred  million 
»V/   ^b^*1*  (ror  our  theorists,  having  eternity  to  disjioso  of 

*  *B^c/leFei>  8Pa"n£  *n  time),  acquire  wings.     The  sami 
^Tlr60^  to  locomotion  in  an  aquatic  animal,  or  rathe; 

/*V*ij*L  animated  lump,  which  might  happen  to  bo  sur 
%  ^  T?*'.  ty  water,  would  end  in  the  production  of  Jim 
***t  rv.  ^  substance,  confined  to  the  solid  earth,  wouk 
^^P0*  fe^andjfaef  ;  or,  if  it  took  a  different  turn,  woult 
C^^  ***^  body  into  ringlets,  and  conclude  by  crawling 
<^j J*1^  ground. 

i»T?  ****£&  I  have  introduced  the  mention  of  this  the- 
l^  ^*  'this  place,  I  am  unwilling  to  give  to  it  the  name 
^g»  **^^ei8tic  scheme,  for  two  reasons:  first,  because, 
9  ^*  I  am  able  to  understand  it,  the  original  propen- 
l^l^^l  the  numberless  varieties  of  them  (so  different, 
»£^  ^  Respect,  from  the  laws  of  mechanical  nature, 
***  ^^e  iew  and  simple)  are,  in  the  plan  itself,  at- 
to  the  ordination  and  appointment  of  an  intelli- 
deugning  Creator :  secondly,  because,  likewise, 
lostulatum,  which  is  all  along  assumed  and 
,  the  faculty  in  living  bodies  of  producing 
iee  organised  like  themselves,  seems  to  be  re- 
^>  the  same  cause ;  at  least  is  not  attempted  to  be 
d  for  by  any  other.  In  one  important  respect, 
,  the  theory  before  us  coincides  with  atheistic 
*^  a  viz.  in  that,  in  the  formation  of  plants  and  ani- 
^  *  «-^**  the  structure  and  use  of  their  parts,  it  docs  away 
Xises.**    Instead  of  the  parts  of  a  plant  or  animal, 


one  sense  this  doctrine  (if  it  deserve  the  name)  ol 
cie8  can  hardly  be  said  to  supersede  final  causes.    Fox 
"V^^^  the  conatus  or  appetency  to  have  formed  an  eye,  such 
*Xow  have  it,  and  constructed  as  we  know  it  to  be,  all 
continue;  it  is  calculated  to  perform  the  office  re- 
^  —to  supply  that,  the  desire  of  supplying  which  is 

i^*"^**cd  to  have  produced  it    Stating  that  der1 

*G*M££°*aet'co'  tyP?*1*  only  to  be  a  covert  vu 
^^cj  mode  of  stating  the  doctrine  of  ft™A  cam 
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or  the  particular  structure  of  the  parts,  having  been  h> 
tended  for  the  action  or  the  use  to  which  we  see  thou 
applied ;  according  to  this  theory,  they  have  themsebai 
grown  out  of  that  action,  sprung  from  that  use.  Hi 
theory  therefore  dispenses  with  that  which  we  mtf 
upon,  the  necessity,  in  each  particular  case,  of  an  nftal 
ligent,  designing  mind,  for  the  contriving  and  detarnnv 
ing  of  the  forms  which  organised  bodies  bear.  Gist 
our  philosopher  these  appetencies ;  give  him  a  parte 
of  living  irritable  matter  (a  nerve,  or  the  clipping  af  I 
nerve),  to  work  upon :  give  also  to  his  incipient  or  nt* 
gressive  forms  the  power,  in  every  stage  of  their  stta> 
ation,  of  propagating  their  like;  and,  if  he  is  to  be ba* 
lieved,  he  could  replenish  the  world  with  all  the  V 
able  and  animal  productions  which  we  at  praam 
in  it. 

The  scheme  under  consideration  is  open  te  the 
objection  with  other  conjectures  of  a  similar  tondawft  ^ 
viz.  a  total  defect  of  evidence.  No  changes,  like  tab  K 
which  the  theory  requires,  have  ever  been  obeonei  L 
All  the  changes  in  Ovid's  Metamorphoses  might  taw  K 
been  effected  by  these  appetencies,  u  the  theory  we*  L 
true;  yet  not  an  example,  nor  the  pretence  of  an  e»  L 
ample,  is  offered  of  a  single  change  being  known  to  saw  L 
taken  place.  Nor  is  the  order  of  generation  obedient  s)  L 
the  principle  upon  which  this  theory  is  built.  JDsl  1^ 
mammae*  of  the  male  have  not  vanished  by  musUsftMej  I J 

*  I  confess  myself  totally  at  a  loss  to  guess  at  the  nans.  It* 
either  final  or  efficient,  for  this  part  of  the  animal  fast;  wk 
unless  there  be  some  foundation  for  an  opinion,  of  whisk!  |t 
draw  the  hint  from  a  paper  of  Mr.  Everard  Home  (HA 
Transact  1799,  Pt  2),  viz.  that  the  mammm  of  the  Ms) 
may  be  formed  before  the  sex  is  determined.06 — (JNaU  e/sk 
Author.) 

58  The  paper  alluded  to  is  upon  Hermaphrodites,  in  wi 
lxxxix.  p.  157,  and  the  suggestion  is  in  the  remarks  njsj 
the  want  of  ovaria  in  certain  monstrous  births*  and  the  MP 
parts  being  found  instead.    The  author  (Sir  E.  Home)  sn> 

gests  that  this  may  be  explained  by  supposing  the  ense 
sibre  impregnation,  to  have  \*«a.  «QQaM&s  wSaJkssV^i  k*» 
earning  either  a  male  or  a  female  fata*. 
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wee  curtorttm,  per  multa  sacula,  JueUnorum  propagitn 
-deest  prceputium.  It  is  easy  to  say,  and  it  has  been  said, 
that  the  alterative  process  is  too  slow  to  be  perceived ; 
that  it  has  been  carried  on  through  tracts  of  immeasurable 
time ;  and  that  the  present  order  of  things  is  the  result 
of  a  graduation,  of  which  no  human  records  can  trace 
the  steps.  It  is  easy  to  say  this ;  and  yet  it  is  still  true, 
that  the  hypothesis  remains  destitute  of  evidence. 

The  analogies  which  have  been  alleged  are  of  the  fol- 
lowing kind :  The  bunch  of  a  camel  is  said  to  be  no 
other  than  the  effect  of  carrying  burdens ;  a  service  in 
which  the  species  has  been  employed  from  the  most  an- 
cient times  of  the  world.  The  first  race,  by  the  daily 
loading  of  the  back,  would  probably  find  a  small  grumous 
tumour  to  be  formed  in  the  flesh  of  that  part.  The  next 
progeny  would  bring  this  tumour  into  the  world  with 
them.  The  life  to  which  they  were  destined  would  in- 
crease it.  The  cause  which  first  generated  the  tubercle 
being  continued,  it  would  go  on,  through  every  succes- 
sion, to  augment  its  size,  till  it  attained  the  form  and  the 
bulk  under  which  it  now  appears.  This  may  serve  for 
one  instance :  another,  and  that  also  of  the  passive  sort, 
Is  taken  from  certain  species  of  birds.  Birds  of  the 
crane  kind,  as  the  crane  itself,  the  heron,  bittern,  stork, 
hare,  in  general,  their  thighs  bare  of  feathers.  This 
privation  is  accounted  for  from  the  habit  of  wading  in 
water,  and  from  the  effect  of  that  element  to  check  the 
growth  of  feathers  upon  these  parts ;  in  consequence  of 
which,  the  health  and  vegetation  of  the  feathers  declined 
through  each  generation  of  the  animal ;  the  tender  down, 
exposed  to  cold  and  wetness,  became  weak,  and  thin, 
ana  rare,  till  the  deterioration  ended  in  the  result  which 
we  see,  of  absolute  nakedness.  I  will  mention  a  third 
Instance,  because  it  is  drawn  from  an  active  habit,  as  the 
two  last  were  from  passive  habits ;  and  that  is  the  pouch 
of  the  pelican.  The  description  which  naturalists  give 
of  this  organ  is  as  follows :  "  From  the  lower  edges  of 
the  under  chap  hangs  a  bag,  reaching  from  the  .whole 
length  of  the  bill  to  the  neck,  which  is  said  to  ta  c&- 
pmbie  of  containing  fifteen  quarts  of  water.  T\u&\m& 
vol.  ///.  Q 
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the  bird  has  a  power  of-  wrinkling  up  into  the  boll* 
the  under  chap.     When  the  bag  is  empty,  it  is  not: 
but  when  the  bird  has  fished  with  success,  it  is  inc*** 
to  what  an  extent  it  is  often  dilated.     The  first 
the  pelican  does  in  fishing  is  to  fill  the  bag ;  and  * 
returns  to  digest  its  burden  at  leisure.     The  bird 
upon  the  large  fishes,  and  hides  them  by  dozens 
pouch.     When  the  bill  is  opened  to  its  widest  «* 
person  may  run  his  head  into  the  bird's  mouti* 
conceal  it  in  this  monstrous  pouch,  thus  adapted  ft>J 
singular  purposes."*    Now  this  extraordinary  con  f 
lion  is  nothing  more,   say  our  philosophers,  th** 
result  of  habit ;  not  of  the  habit  or  effort  of  a  sin££ 
lican,  or  of  a  single  race  of  pelicans,  but  of  a  hat?* 
petuated  through  a  long  series  of  generations* 
pelican  soon  found  the  conveniency  of  reserving" 
mouth,  when  its  appetite  was  glutted,  the  remain* 
its  prey,  which  is  fish.    The  fulness  produced  fc 
attempt  of  course  stretched  the  skin  which  lies  b0 
the  under  chaps,  as  being  the  most  yielding  part    ' 
mouth.     Every  distension  increased  the  cavity* 
original  bird,   and   many  generations  which  sueO« 
him,  might  find  difficulty  enough  in  making  the   J 
answer  this  purpose  :  but  future  pelicans,  entering?* 
life  with  a  pouch  derived  from  their  progenitors,  of 
siderable  capacity,  would  more  readily  accelerate  i* 
vance  to  perfection,  by  frequently  pressing  down  tb< 
with  the  weight  of  fish  which  it  might  now  be  mad 
contain. 

These,  or  of  this  kind,  are  the  analogies  relied  up 
Now,  in  the  first  place,  the  instances  themselves  are  i 
authenticated  by  testimony ;  and  in  theory,  to  say ' 
least  of  them,  open  to  great  objections.  Who  ever  R 
of  camels  without  bunches,  or  with  bunches  less  tJb 
those  with  which  they  are  at  present  usually  formed? 
bunch,  not  unlike  the  camel's,  is  found  between  t 
shoulders  of  the  buffalo ;  of  the  origin  of  which  it  is  i 
possible  to  give  the  account  here  given.     In  the  seco 

*  Goldsmith,  "vol.  Vi.  y>  **• 
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by  should  the  application  of  water,  which 
romote  and  thicken  the  growth  of  feathers 
iies  and  breasts  of  geese,  and  swans,  and 
owls,  hare  divested  of  this  covering  the 
es  ?  The  third  instance,  which  appears  to 
lie  as  any  that  can  be  produced,  has  this 
t  it  is  a  singularity  restricted  to  the  species ; 
had  its  commencement  in  the  cause  and 
have  been  assigned,  the  like  conformation 
cted  to  take  place  in  other  birds,  which  fed 
ow  comes  it  to  pass,  that  the  pelican  alone 
ntress,  and  her  descendants  the  only  in- 
is  curious  resource  ?  ** 

ment  against  the  doctrine  of  appetencies  may 
lpon  well-known  facts.  If  the  camel's  bunch 
11  the  animal,  originally  without  any  protu- 
g  his  back  affected  by  burthens  imposed,  it 
lat  human  contrivance  could  alter  the  shape 
1  it  most  certainly  cannot,  as  daily  experience 
lost  domestic  animals  shows.  No  change  of 
immediately  and  directly,  as  by  cutting,  com- 
lg,  can  be  perpetuated  in  the  breed.  All  we 
jard  to  animals,  and  all  that  any  animals  can 
to  themselves,  is  indirectly,  as  by  affecting 
affect  the  proportions  of  their  parte,  as  bone, 
e  effects  of  which  changes  will  be  perceived 

re  been  observing  only  upon  the  fact ;  bat 
;  to  be  as  the  theory  of  appetencies  assumes,-— 
mel's  bunch  has  been  formed  by  weight  and 
i  pelican's  pouch  by  the  food  distending  the 
q  other  words,  suppose  (contrary  to  what  we 
he  fact)  that  the  changes  induced  in  one  ani- 
a  given  time,  are  propagated  and  continue  in 
ts, — it  is  plain  that  the  sceptical  argument 
y  this  concession.  For  how  are  such  changes 
ily  by  the  process  of  generation.  Nay,  how 
st  effected?  By  the  operation  of  physical 
the  constitution  of  matter.  The  quadruped's 
bird's  pouch,  allowing  the  whole  facta  to  \» 
it  assumes  it,  are  both  original^  foytoftk  «&&. 
wards  by  the  means  of  the  qxaaVtoaaa  **nflGn 

G  1 
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Bat  it  is  the  less  necessary  to  controvert  rlSo 
themselves,  as  it  is  a  straining  of  amlqrr    f^g, 
limits  of  reason  and  credibility,  to  assert  tssnfc^i 
beasts,  and  fish,  with  all  their  variety  and  com^uJei 
organisation,  have  been  brought  into  their  tom^jsi 
tinguished  into  their  several  kinds  and  ■mines,  b 
same  process  (even  if  that  process  could  be  oVmonsH 
or  had  it  ever  been  actually  noticed)  as  might  satj 
serve  for  the  gradual  generation  of  a  camel's  bunch* 
pelican's  pooch. 

The  solution,  when  applied  to  the  works  of  m 
generally,  is  contradicted  by  many  of  the  phaaoz 
and  totally  inadequate  to  others.  The  hganmewt 
strictures,  by  which  the  tendons  are  tied  down  at 
angles  of  the  joints,  could,  by  no  possibility,  be  fa 
by  the  motion  or  exercise  of  the  tendons  themselves 
an  appetency  exciting  these  parts  into  action ;  or  b] 
tendency  arising  therefrom.  The  tendency  is  al 
other  way :  the  conatvs  in  constant  opposition  to  1 
Length  of  time  does  not  help  the  case  at  all,  but  tl 
verse.  The  valves  also  in  the  blood-vessels  could  i 
be  formed  in  the  manner  which  our  theorist  pro] 
The  blood,  in  its  right  and  natural  course,  has  n 
dency  to  form  them.  When  obstructed  or  refine 
has  the  contrary.  These  parts  could  not  grow  c 
their  use,  though  they  had  eternity  to  grow  in. 

which  matter  is  endowed ;  and  the  inference  of  design 
affected  by  the  step  thus  added  to  the  process  of  reas 
It  can  manifestly  make  no  difference  to  that  inference 
ther  we  hold  that  the  bird's  pouch  is  provided  for  its 
sities  by  a  conformation  at  all  times  belonging  to  it  aoo 
to  the  constitution  of  the  world,  or  by  one  superh 
according  to  that  same  constitution.    The  utmost  th 
sceptical  hypothesis  can  gain  by  such  concessions  as  w 
been  supposing  to  be  made,  is  that  the  form  of  the 
was  at  one  time  less  perfect  than  it  now  is.     As 
'"ark  arises  upon  the  conjecture  of  Laplace  (in 
•  have  followed  him)  respecting  the  original  ar 
tions  and  longitudes  of  Jupiter's  ton 
of  in  another  note. — (See  note*  to 
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rues  of  animals  appear  to  me  altogether  in- 
'  receiving  the  explanation  of  their  origin  which 
f  affords.    Including  under  the  word  "  sense  " 
and  the  perception,  we  have  no  account  of 
low  will  our  philosopher  get  at  vision,  or  make 
How  should  the  blind  animal  affect  sight,  of 
id  animals,  we  know,  have  neither  conception 
?    Affecting  it,  by  what  operation  of  its  will, 
endeavour  to  see,  could  it  so  determine  the 
s  body,  as  to  inchoate  the  formation  of  an  eye  ? 
!  the  eye  formed,  would  the  perception  follow  ? 
of  die  other  senses.     And  this  objection  holds 
scribe  what  you  will  to  the  hand  of  time,  to 
of  habit,  to  changes  too  slow  to  be  observed 
>r  brought  within  any  comparison  which  he  is 
ake  of  past  things  with  the  present ;  concede 
please  to  these  arbitrary  and  unattested  sup- 
how  will  they  help  you  r    Here  is  no  incep- 
laws,  no  course,  no  powers  of  nature  which 
present,  nor  any  analogous  to  these,  would 
lencement  to  a  new  sense.    And  it  is  in  vain 
how  that  might  proceed,  which  could  never 

the  senses  to  be  the  most  inconsistent  with  the 
i  before  us,  of  any  part  of  the  animal  frame, 
parts  are  sufficiently  so.  The  solution  does  not 
le  parts  of  animals,  which  have  little  in  them 
If  we  could  suppose  joints  and  muscles  to  be 
formed  by  action  and  exercise,  what  action  or 
mid  form  a  skull,  and  fill  it  with  brains  ?  No 
le  animal  could  determine  the  clothing  of  its 
lat  conaiua  could  give  prickles  to  the  porcupine 
>g,  or  to  the  sheep  its  fleece  ? 
last  place :  Whet  do  these  appetencies  mean 
ied  to  plants  ?  I  am  not  able  to  give  a  sig- 
to  the  term,  which  can  be  transferred  from  , 
plants ;  or  which  is  common  to  both.  Yet  a 
ccessful  organisation  is  found  in  plants,  than 
ins  in  animals.  A  solution  is  wanted  for  oiv«, 
the  other. 
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Upon  the  whole,  after  all  the  schemes  and 
of  a  reluctant  philosophy,  the  necessary  resoi 
Deity.  The  marks  of  design  are  too  stroi 
gotten  oyer.  Design  must  have  had  a  design< 
designer  must  have  been  a  person.  That 
Goo. 
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CHAPTER  XXIV. 

OF  THE  KATTJRAL  ATTRIBUTES  OF  THE  DEITY. 

is  an  immense  conclusion,  that  there  is  a  God  ;  a 
ceiving,  intelligent,  designing  Being 5  at  the  head  of 
ation,  and  from  whose  will  it  proceeded.  The  attri- 
es  of  such  a  Being,  suppose  his  reality  to  be  proved, 
st  be  adequate  to  the  magnitude,  extent,  and  mul- 
icitv  of  his  operations:  which  are  not  only  vast 
rond  comparison  with  those  performed  hy  any  other 
ver ;  but,  so  far  as  respects  our  conceptions  of  them, 
nite,  because  they  are  unlimited  on  all  sides. 
fet  the  contemplation  of  a  nature  so  exalted,  how- 
t  sorely  we  arrive  at  the  proof  of  its  existence,  over- 
elms  our  faculties.  The  mind  feels  its  powers  sink 
ter  the  subject.  One  consequence  of  which  is,  that 
n  painful  abstraction  the  thoughts  seek  relief  in  sen- 
e  images.  Whence  may  be  deduced  the  ancient,  and 
tost  universal  propensity  to  idolatrous  substitutions, 
ey  are  the  resources  of  a  labouring  imagination.  False 
gions  usually  fall  in  with  the  natural  propensity; 
a  religions,  or  such  as  have  derived  themselves  from 
true,  resist  it. 

it  is  one  of  the  advantages  of  the  revelations  which  we 
nowledge,  that,  whilst  they  reject  idolatry  with  its 
ay  pernicious  accompaniments,  they  introduce  the 
ity  to  human  apprehension,  under  an  idea  more  per- 
al,  more  determinate,  more  within  its  compass,  than 
theology  of  nature  can  do.  And  this  they  do  by  re- 
senting him  exclusively  under  the  relation  in  which 
stands  to  ourselves ;  and,  for  the  most  part,  under 
le  precise  character,  resulting  from  that  Teta&ox^  «c 
n  the  history  of  hie  providences :  which  metbod.  w&* 
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the  span  of  our  intellects  much  better  than  them^*'  % 
sality  which  enters  into  the  idea  of  God,  as  deduced fij*  k 


the  views  of  nature.  When,  therefore,  these  repre*^*  1 
tions  are  well  founded  in  point  of  authority  (for  *^  $1 1 
pends  upon  that),  they  afford  a  condescension  ***  ^ 
state  of  our  faculties,  of  which  they,  who  have  B>43^* 
fleeted  on  the  subject,  will  be  the  first  to  acknc*^w 
the  want  and  the  value.  . 

Nevertheless,  if  we  be  careful  to  imitate  xU— !SS*1  w 


ments  of  our  religion,  by  confining  our  e: 

what  concerns  ourselves,  and  do  not  affect 

cision  in  our  ideas  than  the  subject  allows  of,  the         *J 

terms  which  are  employed  to  denote  the  attributessse*.™ 

Deity  may  be  made,  even  in  natural  religion,  to  ** 

sense  consistent  with  truth  and  reason,  and  not  s — rrvrl 

ing  our  comprehension. 

These  terms  are, — Omnipotence,  omniscience,         ^ 
presence,  eternity,  self-existence,  necessary  ~^~ 

spirituality. 

"  Omnipotence,"  "  omniscience,"  "  infinity 
"  infinite"  knowledge,  are  superlatives;  expreafhV^T • 
conception  of  these  attributes  in  the  strongest  ancvAtf 
elevated  terms  which  language  supplies.  We  u&rik 
power  to  the  Deity  under  the  name  of  "  omnipotence," 
the  strict  and  correct  conclusion  being,  that  a  potw 
which  could  create  such  a  world  as  this  is,  mint  to, 
beyond  all  comparison,  greater  than  any  which  we  ex- 
perience in  ourselves,  than  any  which  we  observe  fc 
other  visible  agents ;  greater  also  than  any  which  we  en 
want,  for  our  individual  protection  and  preservation,  it 
the  Being  upon  whom  we  depend.  It  is  a  power,  lie- 
wise,  to  which  we  are  not  authorised,  by  our  observation 
or  knowledge,  to  assign  any  limits  of  space  or  duration. 

Very  much  of  the  same  sort  of  remark  is  applicable  to 
the  term  "  omniscience,"  infinite  knowledge,  or  infinite 
wisdom.  In  strictness  of  language,  there  is  a  different 
between  knowledge  and  wisdom ;  wisdom  always  ex- 
posing action,  and  action  directed  by  it  With  respect 
to  the  first,  viz.  -knowledge,  the  Creator  must  know,  is* 
tumtely,  the  constitution  end  ^TOgecte*  <&  *b*  thfasj 
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he  created:  which  seems  also  to  imply  a  fore* 
sdge  of  their  action  upon  one  another,  ana  of  their 
ss ;  at  least,  so  far  as  the  same  result  from  trains  of 
al  and  necessary  causes.     His  omniscience  also,  as 

respects  things  present,  is  deducible  from  his 
,  as  an  intelligent  being,  joined  with  the  extent,  or 

the  universality,  of  his  operations.  Where  he 
e  is :  and  where  he  is,  he  perceives.    The  wisdom 

'Deity,  as  testified  in  the  works  of  creation,  sur- 

all  idea  we  have  of  wisdom,  drawn  from  the 
t  intellectual  operations  of  the  highest  class  of  fo- 
ot beings  with  whom  we  are  acquainted;  and, 

is  of  the  chief  importance  to  us,  whatever  be  its 
ss  or  extent,  which  it  is  evidently  impossible  that 
mid  be  able  to  determine,  it  must  be  adequate  to 
iduct  of  that  order  of  things  under  which  we  live, 
bis  is  enough.  It  is  of  very  inferior  consequence, 
at  terms  we  express  our  notion,  or  rather  our  ad- 
>n,  of  this  attribute.  The  terms,  which  the  piety 
e  usage  of  language  have  rendered  habitual  to  us, 
3  as  proper  as  any  other.  We  can  trace  this  attri- 
luch  beyond  what  is  necessary  for  any  conclusion  to 

we  have  occasion  to  apply  it.  Ihe  degree  of 
idge  and  power  requisite  for  the  formation  of 
1  nature  cannot,  with  respect  to  us,  be  distin- 
d  from  infinite.58 

divine  "  omnipresence  "  stands,  in  natural  theo- 
lpon  this  foundation : — In  every  part  and  place  of 
iverse  with  which  we  are  acquainted,  we  perceive 
ertion  of  a  power,  which  we  believe,  mediately  or 

is  not  perhaps  quite  correct  to  state  that  "  iqfinitey* 
lied  to  the  Deity,  means  only  a  degree  of  power  or 
i  beyond  all  comparison  greater  than  any  such  quali- 
ssessed  by  ourselves ;  and  that  this  term,  as  well  as 
jotencc"  is  merely  a  superlative.  Those  words  also 
te  the  existence  of  the  attributes  in  such  a  degree,  that 
tent  whatever  of  them  being  either  presented  to  our 
.tion,  or  conceived  by  our  imagination,  the  Deity  $o&- 
hem  in  a  still  greater  degree — a  degree  to  which,  out 
ion  can  ahlx  no  bounds, 

o3 
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immediately,  to  proceed  from  the  Deity.  For  instance: 
in  what  part  or  point  of  space,  that  has  ever  been  ex- 
plored, do  we  not  discover  attraction  ?  In  what  regiaai 
do  we  not  find  light  ?  In  what  accessible  portion  of  ear 
globe  do  we  not  meet  with  gravity,  magnetism,  eles* 
tricity :  together  with  the  properties  also  and  powenaf 
organised  substances,  of  vegetable  or  of  animated  natnw/i 
Nay,  further,  we  may  ask,  What  kingdom  is  there  af 
nature,  what  corner  oi  space,  in  which  there  is  any  tniaf 
that  can  be  examined  by  us,  where  we  do  not  iall  tapm 
contrivance  and  design  ?  The  only  reflection  paraaai 
which  arises  in  our  minds  from  this  view  of  the  watt 
around  us  is,  that  the  laws  of  nature  everywhere  pre- 
vail ;  that  they  are  uniform  and  universal.  Bat  what  as 
you  mean  by  the  laws  of  nature,  or  by  any  law  ?  Eneeti 
are  produced  by  power,  not  by  laws.  A  law  canaat 
execute  itself.  A  law  refers  us  to  an  agent.  Now  at 
agency  so  general,  as  that  we  cannot  discover  its  ab- 
sence, or  assign  the  place  in  which  some  effect  of  id 
continued  energy  is  not  found,  may,  in  popular  laoguafft 
at  least,  and,  perhaps,  without  much  deviation  from  pa* 
losophical  strictness,  be  called  universal :  and,  with  aat 
quite  the  same,  but  with  no  inconsiderable  propriety,  tfif 
person  or  Being,  in  whom  that  power  resides,  or  fin 
whom  it  is  derived,  may  be  taken  to  be  omnipresenL  Hi 
who  upholds  all  things  by  his  power,  may  be  said  to  at 
every  where  present. 

This  is  called  a  virtual  presence.  There  is  atoe  what 
metaphysicians  denominate  an  essential  ubiquity;  awl 
which  idea  the  language  of  Scripture  seems  to  favosr; 
but  the  former,  I  think,  goes  as  far  as  natural  theology 
carries  us.59 


69  Upon  this  confessedly  abstruse  subject  some 
will  be  found  in  the  Appendix.  The  three  doctrines 
ubiquity  by  diffusion,  virtual  ubiquity,  or  that  of  poiW 
only,  and  ubiquity  of  essence.  The  last  is  expressed  thai,* 
the  exclusion  of  the  second,  by  Sir  I.  Newton,  in  the  8eaaV 
Gen.  to  the  Principia : — "  Omniprasens  est  non  per  nurtaan 
solam  sed  etiam  per  substantias ;  nam  virtus  sine  aubstaatik 
snbsistere  non  potest"    It  is  petW^s'nai^  cams*.  1»> «{ 
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nityw  it  a  negative  idea,  clothed  with  a  positive 
[t  supposes,  in  that  to  which  it  is  applied,  a  pre* 
tence ;  and  is  the  negation  of  a  beginning  or  an 
at  existence.    As  applied  to  the  Deity,  it  has 

controverted  by  those  who  acknowledge  a 
all.  Most  assuredly,  there  never  was  a  time  in 
thing  existed,  because  that  condition  mast  hare 
I.  The  universal  blank  must  have  remained; 
jould  rise  up  out  of  it ;  nothing  could  ever  have 
mce ;  nothing  could  exist  now.     In  strictness, 

we  have  no  concern  with  duration  prior  to  that 
isible  world.     Upon  this  article  therefore  of 

it  is  sufficient  to  know  that  the  contriver  ne* 
existed  before  the  contrivance, 
existence"  is   another  negative  idea,  viz.  the 

of  a  preceding  cause,  as  of  a  progenitor,  a 
1  author,  a  creator.60 

ral  Theology  carries  us  not  to  the  idea  of  Essential 
Dr.  Clarke  makes  Essential  Ubiquity  one  part  of 
ision  from  the  argument  a  priori ;  and  though  his 
js  (see  Chev.  Ramsay,  book  i.  prop.  8.  Schol.) 
iim  with  adopting  the  Diffusive  Ubiquity,  he  is 
)t  subject  to  this  observation.  The  followers  of 
who  maintained  Virtual  Ubiquity,  are  ably  com- 
l  the  Essential  Ubiquity  defended  by  Dr.  Hancock 
»cture,  vol.  ii.  p.  222),  upon  arguments  drawn  from 
digion.  We  are  here,  it  is  to  be  observed,  only 
>f  the  idea  or  doctrine  itself  having  been  attained 
nt  of  Revelation ;  and  not  inquiring  how  far  those 
;  of  unassisted  reason  have  enforced  the  belief  of  it, 
nade  it  comprehensible.  Descartes  (Principia  I. 
s  not  enumerate  Ubiquity  at  all  among  the  attri- 
ess  in  so  far  as  it  may  be  included  under  infinite 
generally  ascribed. — (I.  xxii.  xxvii.,  II.  xxxvi., 

existent  means,  in  any  intelligible  sense,  only  un- 
ldependent,  eternal.  The  ancient  doctrine  of  Sejf- 
it  goes  beyond  the  mere  negative  sense,  is  abso- 
ntelhgible,  or,  to  use  Dr.  Clarke's  words,  "  an  ex- 
radiction," 
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"  Necessary     existence "    means   demonstrable  ex- 
istence.61 

"  Spirituality  "  expresses  an  idea,  made  up  of  a  nega- 
tive part,  and  of  a  positive  part  The  negative  part 
consists  in  the  exclusion  of  some  of  the  known  properties 
of  matter,  especially  of  solidity,  of  the  vis  inertim,  wad, 
of  gravitation.  The  positive  part  comprise*  perception, 
thought,  will,  power,  action,  by  which  last  term  ia 
meant  the  origination  of  motion ;  the  quality,  perhaps, 
in  which  resides  the  essential  superiority  of  spirit  over 
matter,  "  which  cannot  move,  unless  it  be  moved ;  sod 
cannot  but  move,  when  impelled  by  another."*  I  as* 
prehend  that  there  can  be  no  difficulty  in  applying  to  ttl 
beity  both  parts  of  this  idea. 

61  Necessary  properly  means  demonstrable  in  such  a  way, 
that  the  contrary  involves  a  contradiction,  and  is  ineoa- 
ceivable.  Dr.  Paley  here  uses  the  word  demonstrable  perm 
in  this  sense,  for  which  he  has  the  authority  of  several  mes> 
physical  writers. 

*  Bishop  Wilkins's  Principles  of  Natural  BeUflfoph  10& 
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CHAPTER  XXV. 

OF  THE  UNITY  OF  THE  DEITY. 

r  the  "  Unity  of  the  Deity,"  the  proof  is,  the  t 
rmity  of  plan  observable  in  the  universe.   The  unive 
elf  is  a  system ;  each  part  either  depending  upon  oth 
irts,  or  being  connected  with  other  parts  by  some  con 
on  law  of  motion,  or  by  the  presence  of  some  commo 
bstance.     One  principle  of  gravitation  causes  a  ston* 
drop  towards  the  earth,  and  the  moon  to  wheel  rounc 
,  .  One  law  of  attraction  carries  all  the  different  planets 
tout  the  sun.6*    This  philosophers  demonstrate.   There 

08  Bishop  Brinkley  considers  the  subject  of  nebulas  and 
ible  stars  "as  hardly  yet  sufficiently  investigated"  for 
)rding  grounds  of  additional  illustration  to  the  cultivator 
Natural  Theology ;  and  it  is  much  to  be  regretted  that  he, 
his  account,  abandoned  the  design,  which  he  says  he  had 
le  time  formed,  of  adding  some  notes  upon  this  branch  of 
nomical  science.    The  Appendix  will  contain  a  refer- 
to  this  subject,  particularly  to  the  additional  argument 
i  from  the  revolution  of  double  stars  in  favour  of  the 
•sal  extension  of  gravitation, 
fact  of  the  heavenly  bodies  which  form  our  system  all 
\  in  the  same  direction  of  revolution,  is  deserving  of 
pest  attention  when  we  consider  that  it  leads  to  the 
portant  result  of  the  stability  of  the  system  explained 
*hap.  xxii.,  notes') ;  and  that  it  is  one  of  innumerable 
aents  which  might  have  been  made,  and  none  of 
uld  have  led  to  this  result    In  any  other  case  equal 
imaginary  roots,  or  both,  must  have  found  their 
the  equation  from  which  the  law  of  stability  is 
(M€c.  C€l.  1.  ii.  c.  7,  s.  55,  .*»7,  and  lto.  xn.  fc,  \^ 
ime  profound  geometrician  has  shown,  m  anotaec 
\e  calculus  of  probabilities,  that  it  is  above  ioxi 
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are  also  other  points  of  agreement  amongst  them,  which 
may  be  considered  as  marks  of  the  identity  of  their 
origin  and  of  their  intelligent  Author.     In  all  are  found 
the  conveniency  and  stability  derived  from  gravitation. 
They  all  experience  vicissitudes  of  days    and  nights, 
and  changes  of  season.     They  all,  at  least  Jupiter, 
Mars,  and  Venus,  have  the  same  advantages  from  their 
atmosphere  as  we  have.    In  all  the  planets,  the  axes  of 
rotation  are  permanent.    Nothing  is  more  probable  than 
that  the  same  attracting  influence,  acting  according  to 
the  same  rule,  reaches  to  the  fixed-  stars :  but,  if  tins  be 
only  probable,  another  thing  is  certain,  viz.  that  the 
same  element  of  light  does.    The  light  from  a  fixed  star 
affects  our  eyes  in  the  same  manner,  is  refracted  and  la- 
fleeted  according  to  the  same  laws,  as  the  light  of  a 
candle.    The  velocity  of  the  light  of  die  fixed  sun  is 
also  the  same  as  the  velocity  of  the  light  of  the  sub,  re- 
flected from  the  satellites  of  Jupiter*    The  heat  ef  tha 

millions  of  millions  to  one  in  favour  of  the  forty-three 
motions  from  west  to  east  (including  rotation  as  well  as 
revolution  and  the  motions  of  the  sun  and  of  the  rings,  U 
well  as  of  the  planets  and  satellites)  having  been  directed  by 
one  original  or  First  Cause ;  and  by  the  same  calculus  he 
has  shown  the  probability  of  the  sun's  rising  again  on  the 
morrow  of  any  given  day,  to  be  not  much  more  tins 
1,800,000  to  one,  or,  in  other  words,  that  this  event  is  above 
two  million  times  less  probable  than  the  truth  of  the  positioo 
that  the  motions  in  our  system  were  designed  by  one  Fint 
Cause.    This  illustrious  philosopher  has  been  censured  ft* 
not  drawing  in  terms  the  conclusion  to  which  his  sublime 
researches,  with  those  of  Lagrange,  have  led  the  way, 
at  which  he  must  himself  have  arrived, — mat  a  Supr 
Intelligence  alone  could  have  formed  this  magnificent 
stable  system.    His  reason  for  abstaining  from  mdnlgmgia 
such  contemplations  probably  was  that  nis  work  is  purer 
mathematical,  and  that  this  would  have  been  a  digresvoa 
into  another  science.    But  the  reason  is  not  sufficient,  sad 
the  omission  must  ever  be  lamented  as  a  defect  in  a  work  0 
nearly  perfect    Mr.  Whewell  has  made  some  ingonoei 
strictures  upon  this  subject  in  his  able  and  learned  BrO/* 
water  Treatise,  b.  iii.  c  5  and  C. 
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an,  in  kind,  differs  nothing  from  the  heat   of  a  coal 
ire.68 

In  our  own  globe,  the  case  is  clearer.  New  countries 
re  continually  discovered,  but  the  old  laws  of  nature  are 
lways  found  in  them :  new  plants,  perhaps,  or  animals, 

88  The  law  by  which  the  distances  of  the  planets  are  regu- 
ited  was  referred  to  in  a  note  by  Bishop  Brinkley  to  the 
2d  chapter,  and  affords  an  evidence  of  unity  of  design  not 
a  be  passed  oyer.  It  is  this  nearly,  bnt  not  exactly.  Form 
.  series  of  numbers,  each 'consisting  of  the  number  4  added 
j  the  number  3,  but  to  the  number  3  multiplied  successively 
«y  0, 1,  2,  4,  8,  16,  and  the  other  powers  of  2 :  the  mean 
jstanoe  of  Mercury  being  4,  this  series  will  represent  the 
aean  distances  of  the  other  planets  successively.  Taking 
be  four  newly-discovered  planets  between  Mars  and  Jupiter 
s  one — the  distances  of  Venus,  the  Earth,  and  Jupiter, 
oincide  with  the  series  exactly ;  the  others  slightly  differ. 

[nus— 

Mercury  by  the  supposition    4  4 

Venus  by  the  theory        •       7  by  observation    7 

Earth   .  .         .     10  .        .        .10 

Mars     #         •  •         .     16  •         •        .15 

New  planets  •  .        .    28  .        •        .27 

Vesta  ...     23*73 

Juno  .         .  •     26*67 

.    Ceres  .         .  .     27*67 

Pallas  .        .  .    27*68 

Jupiter          .  •         •     52  •        •         .52 

Saturn .         .  .         .  100  .         .         .95 

Uranus          •  •         .  196  .         .         .192 

«*  We  cannot  but  remark,"  says  Bishop  Brinkley,  "  the 
ear  agreement  of  the  law  with  the  exact  mean  distances, 
ad  cannot  hesitate  to  pronounce  that  those  were  assigned 
ccording  to  a  law,  although  we  are  entirely  ignorant  of  the 
■tact  law  and  of  the  reason  for  that  law." 

This  sentence  derives  a  peculiar,  though  a  painful  interest 
rom  the  circumstance  of  its  being  in  all  likelihood  the  last 
rritten  by  this  profound  and  accomplished  astronomer,  on 
objects  connected  with  his  favourite  study.  It  closed  the 
ommunication  received  from  him,  which  was  tate&  *aX 
Jloyne,  June  25,  1835;  and  he  died  at  Dublin  m  \esa  *&&& 
baw  months  after  (Septem  ber  1 4). 
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but  always  in  company  with  plants  and  animals  which 
we  already  know  ;  and  always  possessing  many  of  the 
same  general  properties.  We  never  get  amongst  such 
original,  or  totally  different,  modes  of  existence,  as  to 
indicate,  that  we  are  come  into  the  province  of  a  d£ 
ferent  Creator,  or  under  the  direction  of  a  different  wifl. 
In  truth,  the  same  order  of  things  attends  us  wherever 
we  go.  The  elements  act  upon  one  another,  electricity 
operates,  the  tides  rise  and  fall,  the  magnetic  needle  elect 
its  position,  in  one  region  of  the  earth  and  sea,  as  weU  ■ 
in  another.  One  atmosphere  invests  all  parts  of  tba 
globe,  and  connects  all ;  one  sun  illuminates,  one  moco 
exerts  its  specific  attraction  upon  all  parts.  If  there  In 
a  variety  in  natural  effects,  as,  e,  g.  in  the  tides  of  d& 
ferent  seas,  that  very  variety  is  the  result  of  the  am 
cause,  acting  under  different  circumstances.  In  mm; 
cases  this  is  proved ;  in  all,  is  probable. 

The  inspection  and  comparison  of  living  forms  add  to 
this  argument  examples  without  number.     Of  all  km  |i 
terrestrial  animals  the  structure  is  very  much  alike ;  to* 
senses  nearly  the  same ;  their  natural  functions  and  ptf* 
sions  nearly  the  same;  their  viscera  nearly  the 
both  in  substance,  shape,  and  office :  digestion,  nutrition, 
circulation,  secretion,  go  on  in  a  similar  manner  in  tH; 
the  great  circulating  fluid  is  the  same ;  for,  J  think,  8) 
difference  has  been  discovered  in  the  properties  ofbhoi  m^ 
from  whatever  animal  it  be  drawn.    The  experiment  ■  |> 
transfusion  proves  that  the  blood  of  one  animal  will  serf!' 
for  another.    The  skeletons  also  of  the  larger  terrestrki 
animals  show  particular  varieties,  but  still  under  a  gMt  |& 
general  affinity.     The  resemblance  is  somewhat  less, 
sufficiently  evident,  between  quadrupeds  and  birds.  1 
are  all  alike  in  five  respects,  tor  one  in  which  they  differ.* 

In  fish,  which  belong  to  another  department,  ftf  t{ 
were,  of  nature,  the  points  of  comparison  become  fewer.1 
But  we  never  lose  sight  of  our  analogy :  e.g.  we  still 
meet  with  a  stomach,  a  liver,  a  spine ;  with  bile  voi' 
blood ;  with  teeth ;  with  eyes  (which  eyes  are  only 
slightly  varied  from  our  own,  and  which  variation,  in 
truth,  demonstrates,  not  an  lnteTrwpforci,  \safc.  % 
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f  the  same  exquisite  plan ;  for  it  is  the  adaptation 
organ  to  the  element,  viz.  to  the  different  refrac- 
lignt  passing  into  the  eye  out  of  a  denser  medium), 
rovinces,  also,  themselves  of  water  and  earth,  are 
•ted  by  the  species  of  animals  which  inhabit  both ; 
10  by  a  large  tribe  of  aquatic  animals,  which  closely 
>le  the  terrestrial  in  their  internal  structure;  1 
he  cetaceous  tribe,  which  have  hot  blood,  respiring 
bowels,  and  other  essential  parts,  like  those  of 
limals.  This  similitude,  surely,  bespeaks  the  same 
n  and  the  same  Creator. 

vts  and  shellfish  appear  to  me  to  differ  from  other 
of  animals  the  most  widely  of  any.     Yet  even 
besides  many  points  of  particular  resemblance, 
sxists  a  genera]  relation  of  a  peculiar  kind.     It  is 
ation  of  inversion ;  the  law  of  contrariety  :  namely, 
tiereas,  in  other  animals,  the  bones,  to  which  the 
s  are  attached,  lie  within  the  body,  in  insects  and 
sh  they  lie  on  the  outside  of  it.    The  shell  of  a 
performs  to  the  animal  the  office*  of  &  bone,  by 
ug  to  the  tendons  that  fixed  basis  or  immoveable 
,  without  which,  mechanically,  they  could  not 
ie  crust  of  an  insect  is  its  shell,  and  answers  the 
*>se.    The  shell  also  of  an  oyster  stands  in  the 
.  bone;  the  bases  of  the  muscles  being  fixed  to  ,.  -r 

*ame  manner  as,  in  other  animals,  they  are  fixed  fag 

\es.     All  which  (under  wonderful  varieties,  in-  ».  ^. 

adaptations  of  form)  confesses  an  imitation,  a  f^' 

\ce,  a  carrying  on,  of  the  same  plan.  $"•** 

ervations  here  made  are  equally  applicable  to  >£ 

,  I  think,  unnecessary  to  be  pursued.     It  is  a  £*" 


*  circumstance,  and  also  sufficient  to  prove  all 
mtend  for,  that,  in  this  part  likewise  of  or- 
re,  we  perceive  a  continuation  of  the  sexual 


V' 


^ 


wever  it  is,  that  the  whole  argument  for  *\j 

rity  goes  no  farther  than  to  an  unity  of  . ;.^ 

ordinary  discoveries  in  geology  made  sine* 
?  by  the  study  of  fossil  osteology,  \>y  «& 
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It  may  likewise  be  acknowledged,  that  nc 
which  we  are  in  possession  of,  exclude  the 
subordinate  agents.  If  such  there  be,  they 
presiding,  a  controlling  will ;  because  they  ac 
to  certain  general  restrictions,  by  certain  cor 
and,  as  it  should  seem,  upon  a  general  plai 
such  agents,  and  different  ranks  and  classes  i 
of  them,  may  be  employed.65 

means  impair  his  argument  as  to  Unity  when 
sidered.     These  will  be  fully  discussed  in  th< 
and  they  throw  material  light  upon  other  brai 
subject. 

•5  Addison,  a  person  of  practical  understa: 
temperament,  and  widely  removed  from  all 
(Spectator,  No.  110),  states  very  plainly  his  beli 
not  in  the  religious  and  philosophical  sense  of 
agents,  adopted  by  Dr.  Paley,  but  in  the  popu 
ghosts.  He  rests  his  opinion,  as  Dr.  Johnson  di 
inclination  towards  the  same  belief  upon  the 
testimony.  Respecting  witchcraft,  he  elsewhei 
expresses  the  inclination  of  his  opinion  in  favou 
rally  and  abstractedly ;  but  refusing  all  credit  t 
instances.  The  feeling  which  dictates  such  a  d 
believe  in  a  spiritual  world  is  natural,  as  well 
but  it  may  be  questioned  if  religion  does  not  1< 
as  it  can  gain  by  indulging  in  it 
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CHAPTER  XXVI. 


of  thx  GooDraat  or  thx  skrt. 


Thx  proof  of  the  divine  goodness  rests  upon  two  propo- 
rtions :  each,  as  we  contend,  capable  of  being  made  oat 
by  observations  drawn  from  die  appearances  of  nature. 

The  first  is,  "  that  in  a  vast  plurality  of  instances  in 
iriuch  contrivance  is  perceived,  the  design  of  the  con- 
trivance is  beneficial" 

The  second,  "  that  the  Deity  has  superadded  pleasure 
to  animal  sensations  beyond  what  was  necessary  for  any 
other  purpose,  or  when  the  purpose,  so  far  as  it  was 
necessary,  might  have  been  effected  by  the  operation  of 
para." 

First,  "  in  a  vast  plurality  of  instances  in  which  con- 
trivance is  perceived,  the  design  of  the  contrivance  is 
bateficul." 

no  productions  of  nature  display  contrivance  so  mani- 
festly 4s  the  parts  of  animals  ;  and  the  parts  of  animals 
We  all  of  tnem,  I  believe,  a  real,  and,  with  very  few 
exceptions,  all  of  them  a  known  and  intelligible  subser- 
viency to  the  use  of  the  animal.  Now,  when  the  mul- 
titude of  animals  is  considered,  the  number  of  parts  in 
each,  their  figure  and  fitness,  the  faculties  depending 
ipon  them,  the  variety  of  species,  the  complexity  of 
ttructure,  the  success,  m  so  many  cases,  and  felicity  of 
$*e  result,  we  can  never  reflect,  without  the  profoundest 
adoration,  upon  the  character  of  that  Being  from  whom 
Ul  these  things  have  proceeded:  we  cannot  help  ac- 
knowledging what  an  exertion  of  benevolence  creation 
Vas  ;  of  a  benevolence  how  minute  in  its  care,  how  vast 
H  its  comprehension ! 

When  we  appeal  to  the  parts  and  faculties  of 
Uid  to  the  Yimos  and  senses  of  animals  in  purAcM 
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I  rr#r.^eivp.  thf»  proper  medium  of  proof  for  tie 
rrjr.'-(u.-.iuri  uhif'h  wo  wish  to  establish.  I  will  not  *J 
that  the  :r..«er.*ihle  parts  of  nature  are  made  solely  for tk 
•'•native  \mrls ;  hut  this  I  say.  that  when  we  considff  the 
benevolence  of  the  Deitv,  we  can  onlv  consider  it  mid* 
tion  to  sensitive  being.  Without  this  reference,  or  if 
ferred  to  anything  else,  the  attribute  has  no  object,  At 
term  has  no  meaning.  Dead  matter  is  nothing,  Th 
parts,  therefore,  especially  the  limbs  and  senses,  of  ■* 
mals,  although  they  constitute  in  mass  and  qoantitTl 
small  portion  of  the  material  creation,  yet,  since  «y 
alone  are  instruments  of  perception,  they  compose  f|* 
may  be  called  the  whole  of  visible  nature,  estimated  wiA 
a  view  to  the  disposition  of  its  Author.  Consequently, 
it  is  in  these  that  we  are  to  seek  his  character.  It  iijf 
these  that  we  are  to  prove  that  the  world  was  madeiv 
a  benevolent  design. 

Nor  is  the  design  abortive.     It  is  a  happy  world  ate 
all.     The  air,  the  earth,  the  water,  teem  with  delight* 
existence.     In  a  spring  noon  or  a  summer  evening}0 
whichever  side  I  turn  my  eyes,  myriads  of  happy  beinp 
crowd  upon  my  view.     ••  The  insect  youth  are  on  tb 
wing."     Swarms    of   new-born  files   are  trying  tfc* 
pinions  in  the  air.     Their  sportive  motions,  their  win*" 
mazes,  their  gratuitous  activity,  their  continual  cbang* 
of  place  without  use  or  purpose,  testify  their  joy  and  tk 
exultation   which   they  feel   in  their  lately  discovert* 
faculties.     A  bee  amongst  the  flowers  in  spring  is  one  cf 
the  most  cheerful  objects  that  can  be  looked  upon.  1* 
life  appears  to  be  all  enjoyment,  so  busy  and  so  pleased; 
yet  it  is  only  a  specimen  of  insect  life,  with  wmch»b? 
reason  of  the  animal  being  half  domesticated,  we  happe* 
to  be  better  acquainted  than  we  are  with  that  of  other*. 
The  whole-winged  insect  tribe,  it  is  probable,  are  equally 
intent  uj>on  their  proper  employments,  and,  under  eveiy 
variety  of  constitution,   gratified,  and  perhaps  equally 
gratified,  by  the  offices  which  the  Author  of  their  nature 
has  assigned  to  them.     But  the  atmosphere  is  not  the 
only  scene  of  enjoyment  for  the  insect  race.     Plants  art 
covered  with  aphides,  greedily  *u<&n\^  itoss«  \w\csi^ind 
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v,  as  it  should  seem,  in  the  act  of  sucking  It 
;  doubted  but  that  this  is  a  state  of  gratification, 
e  should  fix  them  so  close  to  the  operation,  and 
Other  species  are  running  about,  with  an 
1  their  motions  which  carries  with  it  every  mark 
ire.  Large  patches  of  ground  are  sometimes 
red  with  these  brisk  and  sprightly  natures.  If 
o  what  the  waters  produce,  shoals  of  the  fry  of 
lent  the  margins  of  rivers,  of  lakes,  and  of  the 
'.     These  are  so  happy,  that  they  know  not 

do  with  themselves.  Their  attitudes,  their 
their  leaps  out  of  the  water,  their  frolics  in  it 
[  have  noticed  a  thousand  times  with  equal 
and  amusement),  all  conduce  to  show  their  ex- 
>irits,  and  are  simply  the  effects  of  that  excess. 

by  the  sea-side,  in  a  calm  evening,  upon  a 
ire,  and  with  an  ebbing  tide,  I  have  frequently 

the  appearance  of  a  dark  cloud,  or  rather  very 
it,  hanging  over  the  edge  of  the  water,  to  the 
erhaps,  of  half  a  yard,  and  of  the  breadth  of 
ree  yards,  stretching  along  the  coast  as  far  as 
ould  reach,  and  always  retiring  with  the  water, 
is  cloud  came  to  be  examined,  it  proved  to  be 
else  than  so  much  space  filled  with  young 
in  the  act  of  bounding  into  the  air  from  the 
rargin  of  the  water,  or  from  the  wet  sand.  If 
>n  of  a  mute  animal  could  express  delight,  it 

if  they  had  meant  to  make  signs  of  their  hap- 
ley  could  not  have  done  it  more  intelligibly, 
then,  what  I  have  no  doubt  of,  each  individual 
umber  to  be  in  a  state  of  positive  enjoyment ; 
urn,  collectively,  of  gratification  and  pleasure 
here  before  our  view  !M 
ovng  of  all  animals  appear  to  me  to  receive 

hese  considerations  it  must  be  added,  that  the  lives 
liraals  may  be  only  apparently  short.  If  time  is 
succession  of  ideas,  then,  as  Soame  Jenyns  has 
the  insect  that  flutters  for  a  single  summex'*  toy 
ality  live  as  long  as  the  tortoise  that  breaxiies  foe  * 
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pleasure  simply  from  the  exercise  of  their  limbs 

bodily  faculties,  without  reference  to  any  end  tc 

attained,  or  any  use  to  be  answered  by  the  exertion. 

child,  without  knowing  anything  of  the  use  of  langu 

is  in  a  high  degree  delighted  with  being  able  to  sp 

Its  incessant  repetition  of  a  few  articulate  sounds, 

perhaps,  of  the  single  word  which  it  has  learnt  to 

nounce,  proves  this  point  clearly.    Nor  is  it  less  pie 

with  its  first  successful  endeavours  to  walk,  or  rath< 

run  (which  precedes  walking),  although  entirely  i 

rant  of  the  importance  of  the  attainment  to  its  fi 

life,  and  even  without  applying  it  to  any  present 

pose.    A  child    is  delighted  with  speaking,   wit 

having    anything  to  say,  and  with  walking,   wit 

knowing  where  to  go.    And,  prior  to  both  these, 

disposed  to  believe  that  the  waking  hours  of  infancy 

agreeably  taken  up  with  the  exercise  of  vision,  or 

haps,  more  properly  speaking,  with  learning  to  see. 

But  it  is  not  for  youth  atone  that  the  great  Pare 

creation  hath  provided.     Happiness  is  round  with 

purring  cat,  no  less  than  with  the  playful  kitten ;  ii 

arm-chair  of  dozing  age,  as  well  as  in  either  the  spr 

liness  of  the  dance,  or  the  animation  of  the  chase. 

novelty,  to  aouteness  of  sensation,  to  hope,  to  ardo 

pursuit,  succeeds,  what  is,  in  no  inconsiderable  de{ 

an  equivalent  for  them  all,  "  perception  of  ease."   H 

is  the  exact  difference  between  the  young  and  the 

The  young  are  not  happy  but  when  enjoying  pleas 

the  old  are  happy  when  free  from  pain*    And  this 

stitution  suits  with  the  degrees  of  animal  power  ¥ 

they  respectively  possess.    The  vigour  of  youth  w 

be  stimulated  to  action  by  impatience  of  rest ;  whil 

the  imbecility  of  age,  quietness  and  repose  become 

tive  gratifications.     In  one  important  respect  the  ax 

tage  is  with  the  old.     A  state  of  ease  is,   gene 

speaking,  more  attainable  than  a  state  of  pleasure 

constitution,  therefore,  which  can  enjoy  ease,  is  pi 

able  to  that  which  cari  taste  only  pleasure.     This 

perception  of  ease  oftentimes  renders  old  age  a  cone 

of  great  comfort,  especiaWy  YfWi  t\$\tv^  *fc  \\a  * 
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busy  or  tempestuous  life.  It  is  well  described  by 
au,  to  be  the  interval  of  repose  and  enjoyment 
n  the  hurry  and  the  end  of  life.  How  far  the 
ause  extends  to  other  animal  natures  cannot  be 
of  with  certainty.  The  appearance  of  satisfaction 
hich  most  animals,  as  their  activity  subsides,  seek 
oy  rest,  affords  reason  to  believe  that  this  source 
tfication  is  appointed  to  advanced  life,  under  all  or 
r  its  various  forms.  In  the  species  with  which  we 
it  acquainted,  namely,  our  own,  I  am  far,  even  as 
Tver  of  human  life,  from  thinking  that  youth  is  its 
it  season,  much  less  the  only  happy  one :  as  a 
an,  I  am  willing  to  believe  that  there  is  a  great 
"  truth  in  the  following  representation  given  by  a 
tons  writer,  as  well  as  excellent  man  :* — "  To  the 
ent  and  virtuous,  old  age  presents  a  scene  of  tran- 
joyments,  of  obedient  appetite,  of  well-regulated 
ns,  of  maturity  in  knowledge,  and  of  calm  pre- 
n  for  immortality.  In  this  serene  and  dignified 
)laced  as  it  were  on  the  confines  of  two  worlds, 
fid  of  a  good  man  reviews  what  is  past  with  the 
cency  of  an  approving  conscience,  and  looks  for- 
nrith  humble  confidence  in  the  mercy  of  God,  and 
evout  aspirations,  towards  his  eternal  and  ever- 
inp  favour." 

it  is  seen  in  different  stages  of  the  same  life,  is  still 
xemplified  in  the  lives  of  different  animals.  Animal 
tents  are  infinitely  diversified.  The  modes  of  life, 
;h  the  organisation  of  different  animals  respectively 
ines  them,  are  not  only  of  various,  but  of  opposite 
Yet  each  is  happy  m  its  own.  For  instance : 
s  of  prey  live  much  alone ;  animals  of  a  milder 
ution  in  society.  Yet  the  herring,  which  lives  in 
and  the  sheep,  which  lives  m  flocks,  are  not  more 
in  a  crowd,  or  more  contented  amongst  their  com- 
s,  than  is  the  pike  or  the  lion,  with  the  deep  soli- 
)f  the  pool  or  the  forest, 
it  will  be  said  that  the  instances  which  wc  haro 

liner's  Instructions,  by  Dr.  PercWal,  oi  M.m0aa*\B5» 
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here  brought  forward,  whether  of  vivacity  or  repose,* 
of  apparent  enjoyment  derived  from  either,  are  pw 
and  favourable  instances.  We  answer,  first,  that  tkf 
are  instances,  nevertheless,  which  comprise  largf 
vinces  of  sensitive  existence ;  that  every  case  wm 
have  described  is  the  case  of  millions.  At  this 
in  every  given  moment  of  time,  how  many  m; 
animals  are  eating  their  food,  gratifying  their  a] 
ruminating  in  their  holes,  accomplishing  their 
pursuing  their  pleasures,  taking  their  pastimes  1  la 
individual,  how  many  things  must  go  right  for  it 
at  ease  ;  vet  how  large  a  proportion  out  of  every 
is  so  in  every  assignable  instant !  Secondly,  we 
in  the  terms  of  our  original  proposition,  that 
the  whole  of  life,  as  it  is  difhised  in  nature,  and  u 
we  are  acquainted  with  it,  looking  to  the  average  of 
sations,  the  plurality  and  the  preponderancy  is  in  f 
of  happiness  by  a  vast  excess.  In  our  own  si 
which,  perhaps,  the  assertion  may  be  more  qu 
than  any  other,  the  prepollency  of  good  over  evil, 
health,  for  example,  and  case,  over  pain  and  distress 
evinced  by  the  very  notice  which  calamities  ~~* 
What  inquiries  does  the  sickness  of  our  friends  _ 
what  conversation  their  misfortunes !  This  shows 
the  common  course  of  things  is  in  favour  of  happinesj 
that  happiness  is  the  rule,  misery  the  exception.  Wc* 
the  order  reversed,  our  attention  would  be  called  to 
amples  of  health  and  competency,  instead  of  disease 
want. 

One  great  cause  of  our  insensibility  to  the  goodness 
the  Creator,  is  the  very  extensiveness  of  his  bounty.    i 
prize  but  little  what  we  share  only  in  common  with 
rest,  or  with  the  generality  of  our  species.     When 
hear  of  blessings,  we  think  forthwith  of  successes, 
prosperous  fortunes,  of  honours,  riches,  preferments,  t. 
of  those  advantages  and  superiorities  over  others,  which 
we  happen  either  to  possess,  or  to  be  in  pursuit  of,  or 
covet.     The  common*  benefits  of  our  nature  ent' 
escape  us.    Yet  these  are  the  great  things.    These 
stitute  what  most  properly  ougYit  to  \fe  urocnstai " 
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>f  Providence ;  what  alone,  if  we  mi^ht  so  speak, 

orthy  of  its  care.    Nightly  rest  and  daily  bread,  the 

ary  use  of  our  limbs,  and  senses,  and  understandings, 

ifts  which  admit  of  no  comparison  with  any  other. 

because  almost  every  man  we  meet  with  possesses 

,  we  leave  them  out  of  our  enumeration.    They 

no  sentiment;  .they  move  no  gratitude.     Now, 

a  is  our  judgment  perverted  by  our  selfishness.     A 

ng  ought  in  truth  to  be  the  more  satisfactory — the 

y  at  least  of  the  donor  is  rendered  more  conspicuous 

its  very  diffusion,  its  commonness,  its  cheapness ; 

falling  to  the  lot  and  forming  the  happiness  of  the 

bulk  and  body  of  our  species,  as  well  as  of  our- 

.    Nay,  even  when  we  do  not  possess  it,  it  ought 

matter  of  thankfulness  that  others  do.     But  we 

i  different  way  of  thinking.     We  court  distinction. 

is  not  the  worst ;  we  see  nothing  but  what  has  dis- 

>n  to  recommend  it.     This  necessarily  contracts 

ews  of  the  Creator's  beneficence  within  a  narrow 

iss,  and  most  unjustly.     It  is  in  those  things  which 

common  as  to  be  no  distinction,  that  the  amplitude 

Divine  benignity  is  perceived. 

pain,  no  doubt,  and  privations  exist  in  numerous 

ces,  and  to  a  great  degree,  which  collectively 

be  very  great,  if  they  were  compared  with  any 

thing  than  with  the  mass  of  animal  fruition.     For 

pplication,  therefore,  of  our  proposition  to  that 

state  of  things  which  these  exceptions  induce,  two 

ire  necessary,  and  both,  I  think,  just  and  fair  rules. 

s,  that  we  regard  those  effects  alone  which  are 

panied  with  proofs  of  intention;  the  other,  that 

we  cannot  resolve  all  appearances  into  benevolence 

ign,  we  make  the  few  give  place  to  the  many ;  the 

:o  the  great ;  that  we  take  our  judgment  from  a 

and  decided  preponderance,  if  there  be  one.67 

Tiis  passage,  with  others  which  afterwards  occur  in 
ork,  as  well  as  the  part  here  quoted  from  the  author's 
Philosophy,  has  been,  it  should  seem,  somewhat  mis- 
stood  by  several  excellent  authors,  who  tawe  treated. 
*  if  be  were  denying  the  existence  of  eVil  *,  raft,  \roife 
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I  crave  leave  to  transcribe  into  this  place  what  I 
said  upon  this  subject  in  my  Moral  Philosophy : — 

"  When  God  created  the  human  species,  either  ht 
wished  their  happiness,  or  he  wished  their  misery,  or  at >. 
was  indifferent  and  unconcerned  about  either. 

"  If  he  had  wished  our  misery,  he  might  have 
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sure  of  his  purpose,  by  forming  our  senses  to  be  so  maw 
sores  and  pains  to  us,  as  they  are  now  instruments  m 
gratification  and  enjoyment:  or  by  placing  us  anridstl! 
objects  so  ill  suited  to  our  perceptions,  as  to  have  cea- 
tinually  offended  us,  instead  of  ministering  to  our  refresh- 
ment and  delight.  He  might  have  made,  for  example, 
every  thing  we  tasted,  bitter ;  every  thing  we  saw,  Ion- 
some  ;  every  thing  we  touched,  a  sting;  every  smell, • 
stench ;  and  every  sound,  a  discord. 

"  If  he  had  been  indifferent  about  our  happinescr 
misery,  we  must  impute  to  our  good  fortune  (as  all  de- 
sign by  this  supposition  is  excluded)  both  the  capacitr 
of  our  senses  to  receive  pleasure,  and  the  supply  of  ex- 
ternal objects  fitted  to  produce  it. 

"  But  either  of  these,  and  still  more  both  of  thea, 
being  too  much  to  be  attributed  to  accident,  nothing  re- 
mains but  the  first  supposition,  that  God,  when  he  cre- 
ated  the  human  species,  wished  their  happiness;  tad 

referred,  though  without  any  sceptical  view,  to  the  old 
dilemma  of  the  Epicureans,  stated  by  Lactantius: — "Art 
■vult,  et  non  potest;  aut  potest  et  non  vult  tollere  mala.*1  Bit 
Dr.  Paley's  whole  discourse  upon  this  subject  must  be  tabs 
as  an  attempt,  and  a  successful  one,  to  diminish  the  apparent 
amount  of  evil,  by  showing  that  many  of  the  things  accounted 
evils  are  less  bad  than  they  seem  to  be.  He  explains  is*  £ 
deductions  which  are  fairly  to  be  made ;  he  shows  the  com- 
pensations which  exist ;  he  proves  that  out  of  evil  good  fit- 
quently  arises.  Having  done  this,  evil  still  remains,  bat  ift  '.' 
an  amount  exceedingly  reduced;  and  this  remaining  norths 
is  that  concerning  which  alone  the  question  arises.  All  tfaat 
follows  of  the  text  must  be  read  with  this  view ;  and  it  most 
be  admitted  that  nothing  can  be  more  legitimate  than  tbf 
scope  of  the  reasoning  employed  if  regarded  in  this  light 
Viewed  in  any  other,  it  would  be  liable  to  the  objection  jjs] 
which  have  been  urged  against  it.  L 
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for  them  the  pnnririoa  which  be  has  made,  with 
iew  and  for  that  purpose. 

The  same  argument  may  be  proposed  in  different 
;  thus :  Contrivance  proves  design ;  and  the  pre- 
lant  tendency  of  the  contrivance  indicates  the  dis- 
3ii  of  the  designer.  The  world  abounds  with 
varices;  and  all  the  contrivances  which  we  are 
mted  with  are    directed  to  beneficial   purposes. 

no  doubt,  exists ;  but  is  never,  that  we  can  per- 

the  object  of  contrivance.  Teeth  are  contrived  to 
ot  to  ache ;  their  aching  now  and  then  is  incidental 
:  contrivance,  perhaps  inseparable  from  it :  or  even, 
i  will,  let  it  be  called  a  defect  in  the  contrivance  ; 

is  not  die  object  of  it.  This  is  a  distinction  which 
leserves  to  be  attended  to.     In  describing  imple- 

of  husbandry,  you  would  hardly  say  of  the  sickle, 
t  is  made  to  cut  the  reaper's  hand :  though  from 
instruction  of  the  instrument,  and  the  manner  of 

it,  this  mischief  often  follows.  But  if  you  had 
on  to  describe  instruments  of  torture,  or  execution, 
i  engine,  you  would  say,  is  to  extend  the  sinews ; 
>  dislocate  the  joints  ;  this  to  break  the  bones  ;  this 
rch  the  soles  of  the  feet  Here,  pain  and  misery 
e  very  objects  of  the  contrivance.  Now,  nothing 
s  sort  is  to  be  found  in  the  works  of  nature.  We 
discover  a  train  of  contrivance  to  bring  about  an 
urpose.  No  anatomist  ever  discovered  a  system  of 
isation  calculated  to  produce  pain  and  disease  ;  or, 
plaining  the  parts  of  the  human  body,  ever  said, 

to  irritate  ;  this  to  inflame ;  this  duct  is  to  convey 
ravel  to  the  kidneys ;  this  gland  to  secrete  the 
lr  which  forms  the  gout :  if  by  chance  he  come  at 

of  which  he  knows  not  the  use,  the  most  he  can 
,  that  it  is  useless  ;  no  one  ever  suspects  that  it  is 
ere  to  incommode,  to  annoy,  or  to  torment." 
3  two  cases  which  appear  to  me  to  have  the  most 
lty  in  them,  as  forming  the  most  of  the  appearance 
eption  to  the  representation  here  given,  are  those 
omous  animals,  and  of  animals  preying  upotv  one 
r.     These  properties  of  animals,  wherever   \hfc>j 
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are  found,  must,  I  think,  be  referred  to  design 
there  is  in  all  cases  of  the  first,  and  in  most  ca 
second,  an  express  and  distinct  organisation 
for  the  producing  of  them.  Under  the  first 
fangs  of  vipers,  the  stings  of  wasps  and  scorpic 
clearly  intended  for  their  purpose,  as  any  anil 
ture  is  for  any  purpose  the  most  incontestably  1 
And  the  same  thing  must,  under  the  second 
acknowledged  of  the  talons  and  beaks  of  bin 
tusks,  teeth,  and  claws  of  beasts  of  prey  ;  of  tl 
mouth,  of  the  spider's  web,  and  of  numberless 
of  offence  belonging  to  different  tribes' of  vor 
sects.  We  cannot,  therefore,  avoid  the  difl 
saying,  that  the  effect  was  not  intended.  ' 
question  open  to  us  is,  whether  it  be  ultima 
From  the  confessed  and  felt  imperfection  of  < 
ledge,  we  ought  to  presume,  that  there  may 
quences  of  this  ceconomy  which  are  hidden 
worn  the  benevolence  which  pervades  the  genei 
of  nature,  we  ought  also  to  presume,  that  the 
quences,  if  they  could  enter  into  our  calculate 
turn  the  balance  on  the  favourable  side.  Bot 
contend  to  be  reasonable  presumptions.  Not  i 
presumptions,  if  these  two  cases  were  the  c 
which  nature  presented  to  our  observation  ;  bi 
able  presumptions  under  the  reflection,  that  th 
question  are  combined  with  a  multitude  of  i 
ail  proceeding  from  the  same  author,  and  a: 
these,  directed  to  ends  of  undisputed  utility, 
vindications,  however,  of  this  ceconomy,  whic 
able  to  assign,  such  as  most  extenuate  the  difl 
the  following. 

With  respect  to  venomous  bites  and  stings, 
observed, — 

1.  That,  the  animal  itself  being  regarded,  tl 
complained  of  \s  good;  being  conducive,  in  all 
the  defence  of  the  animal ;  in  some  cases,  to  the 
of  its  prey ;  and  in  some,  probably,  to  the  kil 
when  caught,  by  a  mortal  wound,  inflicted  in  tl 
to  the  stomachf  which  may  be  no  \e%%  tostc\ 
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In  the  viper,  fir 
_  nwj  do  that  which,  in  oilier 
by  the  o«h  of  the  teeth.  Frog* 
be  swallowed  afire  without  it. 
.  Bat  k  wiH  he  said,  that  this  provision,  when  it 
ea  ta  the  ease  of  bites,  deadlr  even  to  human  bodies, 
Id  thoae  of  farce  qaadrapeas,  is  great]  y  ormAm*  ; 
it  anght  hare  falfiUed  its  use,  and  yet  have  been 
k  leai  deleterioas  than  h  is.  Now  I  believe  the  case 
ites  which  produce  death  in  large  animals  (of  stings 
ink  there  are  none)  to  be  Terr  few.  The  es  peri- 
ls of  the  Abbe  Fontana,  which  were  numerous,  go 
isdj  to  the  proof  of  this  point  He  found  that  it 
ned  the  action  of  fire  exasperated  vipers  to  kill  a 
of  a  Moderate  she ;  but  that  to  the  killing  of  a 
a?,  or  a  frog,  a  single  bite  was  sufficient;  which 
«  with  the  use  which  we  assign  to  the  faculty. 
Abbe  seemed  to  be  of  opinion,  that  the  bite  even 
te  rattlesnake  would  not  usually  be  mortal ;  allowing;, 
ever,  that  in  certain  particularly  unfortunate  cases, 
ben  the  puncture  had  touched  some  very  tender  part, 
ted  a  principal  nerve,  for  instance,  or,  as  it  is  said, 
;  more  considerable  lymphatic  vessel,  death  might 
dily  ensue. 

It  has  been,  I  think,  very  justly  remarked,  con- 
ing serpents,  that,  whilst  only  a  few  species  possess 
renomous  property,  that  property  guards  the  whole 
i.  The  most  innocuous  snake  is  avoided  with  as 
it  care  as  a  viper.  Now  the  terror  with  which  large 
ials  regard  this  class  of  reptiles  is  its  protection ;  and 
terror  is  founded  on  the  formidable  revenge  which 
w  of  the  number,  compared  with  the  whole,  are 
ble  of  taking.  The  species  of  serpents,  described 
iinnaeus,  amount  to  two  hundred  and  eighteen,  of 
;h  thirty-two  only  are  poisonous. 

It  seems  to  me,  that  animal  constitutions  are  pro- 
d,  not  only  for  each  element,  but  for  each  state  of 
elements,  t.  e.  for  every  climate,  and  for  every  **m- 
ture ;  and  that  part  of  the  mischief  compl 
s  from  animals  (the  human  animal  mo%t  w 
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occupying  situations  upon  the  earth  which  do  not  belong 
to  them,  nor  were  ever  intended  for  their  habitation. 
The  folly  and  wickedness  of  mankind,  and  necessities 
proceeding  from  these  causes,  have  driven  mtdtitudes  of 
the  species  to  seek  a  refuge  amongst  burning  sands, 
whilst  countries,  blessed  with  hospitable  skies,  and  witk 
the  most  fertile  soils,  remain  almost  without  a  nma 
tenant.  We  invade  the  territories  of  wild  beasts  and 
venomous  reptiles,  and  then  complain  that  we  are  in- 
fested by  their  bites  and  stings.  Some  accounts  of 
Africa  place  this  observation  in  a  strong  point  of  view. 
"  The  deserts/'  says  Adanson,  "  are  entirely  bancs. 
except  where  they  are.  found  to  produce  serpents :  and 
in  such  quantities,  that  some  extensive  plains  are  almost 
entirely  covered  with  them."  These  are  the  natures  ap- 
propriated to  the  situation.  Let  them  enjoy  their 
ence ;  let  them  have  their  country.  Surface  wnmigh  vifl 
be  left  to  man,  though  his  numbers  were  increased  a  hun- 
dred-fold, and  left  to  him,  where  he  might  live 
from  these  annoyances. 

The  second  case,  viz,  that  of  animals 
another,  furnishes  a  consideration  of  much  larger 
To  judge  whether,  as  a  general  provision,  this 
deemed  an  evil,  even  .so  far  as  we  understand  its 
quences,  which,  probably,   is  a  partial  understanding, 
the  following  reflections  are  fit  to  be  attended  to/ 

08  The  subject  of  apparently  conflicting 
eluding  conflicting  instincts,  as  well  as  apparently  imj 
contrivances  and  instincts,  will  be  considered  at  large  in  na] 
Appendix.   The  progress  of  science  is  constantly  < 
the  number  of  such  instances,  as  far  as  our  ignorance 
design  goes.    That  6ome  conflict  will  continue, — in    ^ 
words,  that  evil  to  a  certain  amount  will,  after  all 
tions,  be  found  to  exist,  cannot  be  doubted.     But  tint 
immense  preponderance  of  good  exists  in  every  d< 
of  nature,  both  of  matter  and  of  mind,  is  so  el 
arguing  as  we  do  on  every  other  subject,  we  have  a  rights 
impute  the  perception  of  any  evil  at  all  to  our  own  — 
ranee,  and  to  conclude  that,  if  we  knew  the  whole 
and  could  extend  our  comprehension  to  the  entire 
creation,  we  should  no  longer,  btttero,  them  was 
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ST.'    1»  Immortality  upon  this  earth  is  out  of  the  qucstioi 
J^^ithoot  death  there  could  be  no  generation,  no  scxe 
parental  relation,  t.  c.  as  things  arc  constituted,  r 
amal  happiness.     The  particular  duration  of  life,  a: 
ed  to  different  animals,  can  form  no  jmrt  of  the  ol 
_      ion  ;  because,  whatever  that  duration  be,  whilst 
^remains  finite  and  limited,  it  may  always  !>e  asked,  wh 
%  is  no  longer.     The  natural  age  of  different  anima 
varies,  from  a  single  day  to  a  century  of  years.     No  a< 
«onnt  can  be  given  of  this ;  nor  could  any  be  given,  wha 
ever  other  proportion  of  life  had  obtained  amongst  then 
The  term  then  of  life  in  different  animals  being1  th 
tame  as  it  is,  the  question  is,  what  mode  of  taking  it  awa 
is  the  best  even  for  the  animal  itself. 

Now,  according  to  the  established  order  of  natur 
(which  we  must  suppose  to  prevail,  or  wc  cannot  rca*o 
at  all  upon  the  subject),  the  three  methods  by  u  Inch  lil 
is  usually  put  an  end  to  are  acute  diseases,  decay,  an 
'▼iolence.  The  simple  and  natural  life  of  brutes  is  n< 
often  visited  by  acute  distempers ;  nor  could  it  be  dcemc 
an  improvement  of  their  lot  if  they  were.  Let  it  t 
considered,  therefore,  in  what  a  condition  of  sufferin 
and  misery  a  brute  animal  is  placed  which  is  left  1 
perish  by  decay.  In  human  sickness  or  infirmity,  thei 
u  the  assistance  of  man's  rational  fellow-creatures,  if  n< 
to  alleviate  his  pains,  at  least  to  minister  to  his  necess 
ties,  and  to  supply  the  place  of  his  own  activity,  i 
brute,  in  his  wild  and  natural  state,  does  every  thing  ft 
himself.  When  his  strength,  therefore,  or  his  speed,  < 
his  limbs,  or  his  senses  fail  him,  he  is  delivered  ove: 
either  to  absolute  famine  or  to  the  protracted  wretchet 
ness  of  a  life  slowly  wasted  by  the  scarcity  of  food.     3 

Of  the  different  hypotheses  to  which  we  may  have  recoun 
for  explaining  what  we  are  unable  legitimately  to  solve,  tl 
Probationary  State  is  one,  and  is  the  one  which  appears  - 
tally  best  with  the  facts.  It  is  hardly  necessary  to  add  th 
we  are  now,  as  throughout  these  notes,  after  the  example  < 
the  author,  confining  ourselves  altogether  to  the  intimatioi 
received  from  natural  reason  and  observation,  unaid 
fight  of  revelation. 
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it  then  to  sec  the  world  filled  with  drooping*. 
nuated,  halt-starved,  helpless,  and  unhclped  aj^Jma/ 
you  would  alter  the  present  system  of  pursuit;  and  r> 

2.  Which  system  is  also  to  them  the  spring,  of  a* 
and  activity  on  both  sides.  The  pursuit  of  it*  \ 
forms  the  employment,  and  appears  to  constitute 
pleasure,  of  a  considerable  part  of  the  animal  cre^* 
The  using  of  the  means  of  defence,  or  flight,  or  pr*^ 
tion,  forms  also  the  business  of  another  part  And  #n 
of  this  latter  tribe,  we  have  no  reason  to  suppose  tin 
their  happiness  is  much  molested  by  their  fears.  The 
danger  exists  continually ;  and  in  some  cases  they  seei 
to  be  so  far  sensible  of  it,  as  to  provide,  in  the  best  ma 
ner  they  can,  against  it ;  but  it  is  only  when  the  atttc 
is  actually  made  upon  them,  that  they  appear  to  suffi 
from  it.  To  contemplate  the  insecurity  of  their  conditio 
with  anxiety  and  dread,  requires  a  degree  of  reflectioi 
which  (happily  for  themselves)  they  do  not  possess,  i 
Jiare,  notwithstanding  the  number  of  its  dangers  and  il 
enemies,  is  as  playful  an  animal  as  any  other. 

3.  But,  to  do  justice  to  the  question,  the  system  < 
animal  destruction  ought  always  to  be  considered  in  stri< 
connexion  with  another  property  of  animal  nature,  vi 
supe? fecundity.    They  are  countervailing  qualities.    0 
subsists  by  the  correction  of  the  other.     In  treatir 
therefore,  of  the  subject  under  this  view  (which  if 
believe,   the  true  one),  our  business  will  be,  first 
point  out  the  advantages  which  are  gained  by  the  po\ 
in  nature  of  a  superabundant  multiplication  ;  and  the 
show,  that  these  advantages  are  so  many  reasons  fo 
pointing  that  system  of  national  hostilities,   whic! 
are  endeavouring  to  account  for. 

In  almost  all  cases,  nature  produces  her  supplier 
profusion.     A  single  cod-fish  spawns,  in  one  sea 
greater  number  of  eggs  than  all  the  inhabitants  o 
land  amount  to.     A  thousand  other  instances  of  1 
generation  might  be  stated,  which,  though  not  e 
this,  would  carry  on  the  increase  of  the  specie? 
rapidity  which  outruns  calculation,  and  to  an  in? 
able  extent     The  advantages  of  such  a  coristiti 
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two :  first,  that  it  tends  to  keep  the  world  always  full ; 
whilst,  secondly,  it  allows  the  proportion  between  the 
several  species  of  animals  to  be  differently  modified,  as 
different  purposes  require,  or  as  different  situations  may 
afford  for  them  room  and  food.  Where  this  vast  fecun- 
dity meets  with  a  vacancy  fitted  to  receive  the  species, 
there  it  operates  with  its  whole  effect j  there  it  pours -in 
its  numbers  and  replenishes  the  waste.  We  complain  of 
what  we  call  the  exorbitant  multiplication  of  some 
troublesome  insects ;  not  reflecting,  that  large  portions 
of  nature  might  be  left  void  without  it.  If  the  accounts 
of  travellers  may-  be  depended  upon,  immense  tracts  of 
forests  in  North  America  would  be  nearly  lost  to  sensitive 
existence,  if  it  were  not  for  gnats.  "  In  the  thinly  in- 
habited regions  of  America,  in  which  the  waters  stagnate 
and  the  climate  is  warm,  the  whole  air  is  filled  with 
crowds  of  these  insects."  Thus  it  is,  that  where  we 
looked  for  solitude  and  death-like  silence,  we  meet  with 
animation,  activity,  enjoyment ;  with  a  busy,  a  happy, 
and  a  peopled  world.  Again :  hosts  of  mice  are  reckoned 
amongst  the  plagues  of  the  north-east  part  of  Europe ; 
whereas  vast  plains  in  Siberia,  as  we  learn  from  good 
authority,  would  be  lifeless  without  them.  The  Caspian 
deserts  are  converted  by  their  presence  into  crowds  of 
warrens.  Between  the  Volga  and  the  Yaik,  and  in  the 
country  of  Hvrcania.  the  ground,  says  Pallas,  is  in  many 
places  covered  with  little  hills,  raised  by  the  earth  cast 
out  in  forming  the  burrows.  Do  we  so  envy  these  bliss- 
ful abodes,  as  to  pronounce  the  fecundity  by  which  they 
are  supplied  with  inhabitants  to  be  an  evil ;  a  subject  of 
complaint,  and  not  of  praise  ?  Further ;  by  virtue  of 
this  same  superfecundity,  what  we  term  destruction  be- 
comes almost  instantly  the  parent  of  life.  What  we  call 
blights  are  oftentimes  legions  of  animated  beings,  claim- 
ing their  portion  in  the  bounty  of  nature.  What  corrupts 
the  produce  of  the  earth  to  us,  prepares  it  for  them. 
And  it  is  by  means  of  their  rapid  multiplication,  that 
they  take  possession  of  their  pasture ;  a  slow  propagation 
would  not  meet  the  opportunity. 

But  in  conjunction  with  the  occasional  ws&  <&  *3&& 
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fruitfulness,  we  observe,  also,  that  it  allows  the  pvomv> 
tion  between  the  several  species  of  animals  to  be  differ* 
ently  modified,  as  different  purposes  of  utility  may 
require.  When  the  forests  of  America  come  to  bt 
cleared,  and  the  swamps  drained,  our  gnats  will  gift 
place  to  other  inhabitants.  If  the  population  of  Eonmt 
should  spread  to  the  north  and  the  east,  the  mice  wv 
retire  before  the  husbandman  and  the  shepherd,  tad 
yield  their  station  to  herds  and  flocks.  In  what  cao- 
cerns  the  human  species,  it  may  be  a  part  of  the  scheae 
of  Providence,  that  the  earth  should  be  inhabited  fay  a 
shifting,  or  perhaps  a  circulating  population.  In  this 
oeconomy,  it  is  possible  that  there  may  be  the  following 
advantages :  When  old  countries  are  become  exceedingly 
corrupt,  simpler  modes  of  life,  purer  morals,  and  bettor 
institutions,  may  rise  up  in  new  ones,  whilst  fresh  soils 
reward  the  cultivator  with  more  plentiful  returns.  Thai 
the  different  portions  of  the  globe  come  into  use  in  suc- 
cession as  the  residence  of  man ;  and,  in  his  absence, 
entertain  other  guests,  which,  by  their  sudden  multipli- 
cation, fill  the  chasm.  In  domesticated  animals,  we  mid 
the  effect  of  their  fecundity  to  be,  that  we  can  always 
command  numbers ;  we  can  always  have  as  many  of  any 
particular  species  as  we  please,  or  as  we  can  support. 
Nor  do  we  complain  of  its  excess  ;  it  being  much  more 
easy  to  regulate  abundance,  than  to  supply  scarcity. 

ftut  then  this  supcrfecundity,  though  of  great  occa- 
sional use  and  importance,  exceeds  the  ordinary  capacity 
of  nature  to  receive  or  support  its  progeny.  All  super- 
abundance supposes  destruction,  or  must  destroy  itself. 
Perhaps  there  is  no  species  of  terrestrial  animals  whatever, 
which  would  not  overrun  the  earth,  if  it  were  permitted 
to  multiply  in  perfect  safety ;  or  of  fish,  which  would  not 
fill  the  ocean :  at  least,  if  any  single  species  were  left  to 
their  natural  increase  without  disturbance  or  restraint, 
the  food  of  other  species  would  be  exhausted  by  their 
maintenance.  It  is  necessary,  therefore,  that  the  effects 
of  such  prolific  faculties  be  curtailed.  In  conjunction 
with  other  checks  and  limits,  all  subservient  to  the  same 
purpose,  are  the  thinnings  which  take  place  among  ani- 
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nab,  by  their  action  upon  one  another.  In  some  in- 
stances we  ourselves  experience,  very  directly,  the  use 
of  these  hostilities.  One  species  of  insects  rids  us  of 
another  species,  or  reduces  their  ranks.  A  third  species, 
perhaps,  keeps  the  second  within  bounds ;  and  birds  or 
lizards  are  a  fence  against  the  inordinate  increase  by 
which  even  these  last  might  infest  us.  In  other,  more 
numerous,  and  possibly  more  important  instances,  this 
disposition  of  things,  although  less  necessary  or  useful  to 
us,  and  of  course  less  observed  by  us,  may  be  necessary 
and  useful  to  certain  other  species ;  or  even  for  the  pre- 
venting of  the  loss  of  certain  species  from  the  universe : 
a  misfortune  which  seems  to  be  studiously  guarded 
against.  Though  there  may  be  the  appearance  of  failure 
in  some  of  the  details  of  Nature's  works,  in  her  great 
purposes  there  never  are.  Her  species  never  fail.  The 
provision  which  was  originally  made  for  continuing  the 
replenishment  of  the  world  has  proved  itself  to  be  effec- 
tual through  a  long  succession  of  ages. 

What  further  shows,  that  the  system  of  destruction 
amongst  animals  holds  an  express  relation  to  the  system 
of  fecundity, — that  they  are  parts  indeed  of  one  compen- 
satory scheme, — is,  that  in  each  species  the  fecundity 
bears  a  proportion  to  the  smallness  of  the  animal,  to  the 
weakness,  to  the  shortness  of  its  natural  term  of  life,  and 
to  the  dangers  and  enemies  by  which  it  is  surrounded. 
An  elephant  produces  but  one  calf ;  a  butterfly  lays  six 
hundred  eggs.  Birds  of  prey  seldom  produce  more  than 
two  eggs :  the  sparrow  tribe,  and  the  duck  tribe,  fre- 
quently sit  upon  a  dozen.  In  the  rivers,  we  meet  with 
a  thousand  minnows  for  one  pike ;  in  the  sea,  a  million 
of  herrings  for  a  single  shark.  Compensation  obtains 
throughout.  Defencelessness  and  devastation  arc  re- 
paired by  fecundity. 

We  have  dwelt  the  longer  on  these  considerations, 
because  the  subject  to  which  they  apply,  namely,  that 
of  animals  devouring  one  another,  forms  the  chief,  if  not 
the  only  instance,  in  the  works  of  the  Deity,  of  an  (Eco- 
nomy, stamped  by  marks  of  design,  in  which  tba  <&%- 
racter  of  utility  can  be  called  in  question,    r£Yie  rasfe  <& 
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venomous  animals  is  of  much  inferior  consequence  i 
case  of  prey,  and,  in  some  degree,  is  also  included  * 
it.  To  both  cases  it  is  probable  that  many  more  ret 
belong,  than  those  of  which  we  are  in  possession. 

Our  first  proposition,  and  that  which  we 
hitherto  been  defending,  was,  "  that,  in  a  vast  pltrr 
of  instances,  in  which  contrivance  is  perceived, 
design  of  the  contrivance  is  beneficial." 

Our  second  proposition  is,  "  that  the   Deity 
added  pleasure  to  animal  sensations,  beyond  what 
necessary  for  any  other  purpose,  or  when  the  purp 
so  far  as  it  was  necessary,  might  have  been  effected 
the  operation  of  pain." fl9 

This  proposition  may  be  thus  explained :  The  c 
cities,  which,  according  to  the  established  course 
nature,  are  necessary  to  the  support  or  preservatio 
an  animal, 'however  manifestly  they  may  be  the  resul 

••  This  is  a  most  important  consideration,  and  one  w 
cannot  be  dwelt  upon  too  constantly ;  and  which  assur 
will,  by  the  contemplative  and  well-regulated  mind,  n 
be  dwelt  upon  without  experiencing  the  most  pleasing 
salutary  influence.  It  will  be  further  illustrated  in 
Appendix ;  but  in  this  place  it  may  be  right  to  add  thai 
induction  of  facts  plainly  shows  the  system  of  the  unh 
to  be  governed  upou  the  principle  of  inducement  rather 
denouncement, — of  reward  more  than  of  punishment; 
not  only  are  sentient  beings  guided  tijr  the  more  kindly 
cess  where  the  harsher  would  have  sufficed,  but  there  is  i 
inducement  employed,  more  pleasure  superadded,  tha 
eveu  necessary  to  work  the  effect  intended.  It  is  as 
human  lawgiver  were  to  prefer  rewarding  his  subjects 
obedience,  rather  than  punishing  them  for  contumacy ; 
were  then  to  add  some  bounty  beyond  what  had  been  f( 
quite  sufficient  to  ensure  their  compliance.  It  must  be 
stantly  borne  in  mind  that  there  is  not  one  single  act 
formed  by  any  animal,  from  man  to  the  lowest  insect  ii 
scale,  in  fulfilling  the  apparent  ends  of  its  creation,  the 
formance  of  which  might  not  have  been  secured  as  effectr 
by  the  pressure  or  by  the  apprehension  of  pain,  as  it  no1 
in  so  vast  a  number  of  instances,  solicited  by  the  enjoyi 
or  tlie  hope  of  some  gratification. 
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in  organisation  contrived  for  the  purpose, 
deemed  an  act  or  a  part  of  the  same  will  as 
decreed  the  existence  of  the  animal  itself; 
whether  the  creation  proceeded  from  a  benevoK 
malevolent  being,  these  capacities  must  have  bcci 
if  the  animal  existed  at  all.    Animal  properties] 
fare,  which  fall  under  this  description,  do  not 
prove  the  goodness  of  God ;  they  may  prove  thel 
ence  of  the  Deity ;    they  may  prove  a  high  degi 
power  and  intelligence ;  but  they  do  not  prove  his  c 
ness ;  forasmuch  as  they  must  have  been  found  ii 
creation  which  was  capable  of  continuance,  althoug 
is  possible  to  suppose,  that  such  a  creation  might 
been  produced  by  a  being  whose  views  rested   1 
misery. 

But  there  is  a  class  of  properties,  which  may  be 
to  be  superadded  from  an  intention  expressly  direct* 
happiness ;  an  intention  to  give  a  happy  existence 
tinct  from  the  general  intention  of  providing  the  m 
of  existence ;  and  that  is,  of  capacities  for  plcosun 
cases  wherein,  so  far  as  the  conservation  of  the  indivi 
or  of  the  species  is  concerned,  they  were  not  \vante< 
wherein  the  purpose  might  have  been  secured  by 
operation  of  pain.  The  provision  which  is  made 
variety  of  objects,  not  necessary  to  life,  and  ministc 
only  to  our  pleasures ;  and  the  properties  given  to 
necessaries  of  life  themselves,  by  which  they  contri 
to  pleasure  as  well  as  preservation;  show  a  fui 
design  than  that  of  giving  existence.* 

A  single  instance  will  make  all  this  clear.  Assui 
the  necessity  of  food  for  the  support  of  animal  life, 
requisite  that  the  animal  be  provided  with  organs  f 
for  the  procuring,  receiving,  and  digesting  of  its  1 
It  may  also  be  necessary,  that  the  animal  be  imp< 
by  its  sensations  to  exert  its  organs.     But  the  pai 

*  See  this  topic  considered  in  Dr.  Balguy's  Treatise 
the  Divine  Benevolence.  This  excellent  author  first,  1 1 
proposed  it,  and  nearly  in  the  terms  in  which  it  is 
stated.    Some  other  observations  also  under  \Yas>  Y«» 
taken  from  that  treatise, —Note  of  the  Author. 
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hunger  would  do  all  this.  Why  add  pleasure  to  the  id 
of  eating ;  sweetness  and  relish  to  food?  why  a  new  and 
appropriate  sense  for  the  perception  of  the  iilieauwT 
Why  should  the  juice  of  a  peach,  applied  to  the  pslatl, 
affect  the  part  so  differently  from  what  it  dees  what 
rubbed  upon  the  palm  of  the  hand  ?  This  is  a  oodjq- 
tution  which,  so  far  as  appears  to  me,  can  be  resolvet* 
into  nothing  but  the  pure  benevolence  of  the  Creatot 
Eating  is  necessary ;  but  the  pleasure  attending  it  is  net 
necessary :  and  that  this  pleasure  depends,  not  only  apes 
our  being  in  possession  of  the  sense  of  taste,  which  is 
different  from  every  other,  but  upon  a  particular  state 
of  the  organ  in  which  it  resides,  a  felicitous  adsptaiwa 
of  the  organ  to  the  object,  will  be  confessed  by  any  one, 
who  may  happen  to  have  experienced  that  vitiation  01 
taste  which  frequently  occurs  in  fevers,  when  every  taste  * 
is  irregular,  and  every  one  bad. 

In  mentioning  the  gratifications  of  the  palate,  It  saw 
be  said  that  we  have  made  choice  of  a  trifling  example.* 


i 


*  °  Neither  this  nor  any  other  thing  which  our 
physical  or  moral,  is  formed  to  relish,  can  be  deemed  nmv^i 
and  it  is  well  observed  afterwards  that  the  very  capacity  of 
being  pleased  with  what,  by  comparison  with  other  things 
are  termed  trivial  matters,  is  itself  a  source  of  enjoymest 
provided  for  us  by  the  divine  beneficence.  All  men  have 
within  themselves  the  power  of  being  amused  or  occupied, 
and  interested — that  is,  pleased,  gratified — with  things  wmea, 
until  they  make  the  attempt,  they  are  disposed  to  regard  at 
wholly  incapable  of  affording  any  satisfaction.  Tins  is  s 
most  important  source  of  enjoyment,  and  one  more  inde- 
pendent of  external  circumstances  than  they  could  battel* 
who  have  never  made  the  experiment.  "  Le  goat  (stjs 
Marmontel,  Men,  I.  431)  s'acoommode  aux  objets  dart  fl 
peut  jouir ;  et  cette  sage  maxime, 

Quand  on  n'a  pas  ce  que  Ton  aime, 

II  faut  aimer  ce  que  1  on  a, 
est  en  effet  non  seulement  une  lecon  de  la  nature,  maii  m 
nioyen  qu'elle  se  menage  pour  nous  procurer  des  plaisin." 
The  earlier  and  by  far  the  most  interesting  part  of  Jus  book 
abounds  in  illustrations  of  a  kindred  truth — the  patitatisi 
derived  from  the  humblest  sources  by  those  who  Save  town 


* 
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a  not  of  that  opinion.  They  afford  a  share  of  enjoy - 
t  to  man ;  but  to  brutes,  I  believe  that  they  are  of 
r  great  importance.  A  horse  at  liberty  passes  a  great 
of  his  waking  hours  in  eating.  To  the  ox,  the 
>p,  the  deer,  and  other  ruminating  animals,  the  plea- 
is  doubled.  Their  whole  time  almost  is  divided 
ireen  browsing  upon  their  pasture  and  chewing  their 
Whatever  the  pleasure  be,  it  is  spread  over  a 
e  portion  of  their  existence.  If  there  be  animals, 
i  as  the  lupous  fish,  which  swallow  their  prey  whole, 
at  once,  without  any  time,  as  it  should  seem,  for 
er  drawing  out,  or  relishing,  the  taste  in  the  mouth, 
an  improbable  conjecture,  that  the  seat  of  taste  with 
n  is  in  the  stomach ;  or,  at  least,  that  a  sense  of  pica- 
,  whether  it  be  taste  or  not,  accompanies  the  disso- 
m  of  the  food  in  that  receptacle,  which  dissolution  in 
?ral  is  carried  on  very  slowly  ?  If  this  opinion  be 
t,  they  are  more  than  repaid  for  the  defect  of  palate. 
;  feast  lasts  as  long  as  the  digestion. 
i  seeking  for  argument,  we  need  not  stay  to  insist 
i  the  comparative  importance  of  our  example ;  for 
observation  holds  equally  of  all,  or  of  three  at  least, 
le  other  senses.  The  necessary  purposes  of  hearing 
ht  have  been  answered  without  harmony ;  of  smcli, 
lout  fragrance ;  of  vision,  without  beauty.  Now, 
tne  Deity  had  been  indifferent  about  our  happiness 
nisery,  we  must  impute  to  our  good  fortune  (as  all 
gn  by  this  supposition  is  excluded),  both  the  capacity 

e  other.  "  Nos  galettes  de  sarrazin,  humectees,  toutes 
antes,  de  ce  bon  beurre  du  Mont-d'or,  etaient  pour  nous  le 
;  friand  re'gal.  Je  ne  sais  pas  quel  mets  nous  eut  paru 
lleur  que  nos  raves  et  nos  chataignes ;  et  en  hiver,  lorsque 
belles  raves  grillaient  le  soir  &  l'entour  du  foyer,  ou  que 
3  entendions  bouillonner  l'eau  du  vase  ou  cuisaient  ces 
laignes  si  savoureuses  et  si  donees,  le  coeur  nous  palpitait 
joie." — (lb.  p.  9.)  "  Quand  j'arrivais  chez  moi,  et  que, 
s  un  bon  lit  ou  au  coin  d'un  bon  feu,  je  me  sentais  tout 
me,  e'etait  pour  moi  Tun  des  moments  les  plus  delicieux. 
a  vie  ;  jouissauce  que  la  mollesse  ne  m' aura.\t  ^avails  iaaX 
v&trc.'9—(lb.  p.  34.) 


t 
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of  our  senses  to  receive  pleasure,  and  the  supply  of  ex- 
ternal objects  fittod  to  excite  it."  I  allege  these  as  two 
felicities,  for  they  are  different  things,  yet  both  neces- 
sary :  the  sense  being  formed,  the  objects,  which  wen 
applied  to  it,  might  not  have  suited  it ;  the  objects  being 
fixed,  the  sense  might  not  have  agreed  with  them.  A 
coincidence  is  here  required,  which  no  accident  can  ac- 
count for.  There  are  three  possible  suppositions  upon 
the  subject,  and  no  more.  The  first ;  that  the  sense, 
by  its  original  constitution,  was  made  to  suit  the  object: 
The  second ;  that  the  object,  by  its  original  constitution, 
was  made  to  suit  the  sense :  The  third ;  that  the  sense 
is  so  constituted,  as  to  be  able,  either  universally,  or 
within  certain  limits,  by  habit  and  familiarity,  to  render 
every  object  pleasant.  Whichever  of  these  supposition! 
we  adopt,  the  effect  evinces,  on  the  part  of  the  Author 
of  nature,  a  studious  benevolence.  If  the  pleasures 
which  we  derive  from  any  of  our  senses  depend  upon  an 
original  congruity  between  the  sense  and  the  properuei 
perceived  by  it,  we  know  by  experience  that  the  adjust- 
ment demanded,  with  respect  to  the  qualities  which  wen 
conferred  upon  the  objects  that  surround  us,  not  only 
choice  and  selection,  out  of  a  boundless  variety  of  pos- 
sible qualities  with  which  these  objects  might  have  been 
endued,  but  a  proportioning  also  of  degree,  because 
an  excess  or  defect  of  intensity  spoils  the  perception,  as 
much  almost  as  an  error  in  the  kind  and  nature  of  the 
quality.  Likewise  the  degree  of  dulncss  or  acuteness  in 
the  sense  itself  is  no  arbitrary  thing,  but,  in  order  to 
preserve  the  congruity  here  spoken  of,  requires  to  be  in 
an  exact  or  near  correspondency  with  the  strength  of  the 
impression.  The  dulness  of  the  senses  forms  the  com- 
plaint of  old  age.  Persons  in  fevers,  and,  I  believe,  in 
most  maniacal  cases,  experience  great  torment  from  their 
preternatural  acuteness.  An  increased,  no  less  than  an 
impaired  sensibility,  induces  a  state  of  disease  and  suf- 
fering. 

The  doctrine  of  a  specific  congruity  between  animal 
senses  and  their  objects  is  strongly  favoured  by  what  n 
observed  of  insects  in  the  election  of  their  food.    Some 
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f  these  will  feed  upon  one  kind  of  plant  or  animal,  and 
pon  no  other :  some  caterpillars  upon  the  cabbage  alone, 
Dme  upon  the  black  currant  alone.  The  species  of 
aterpillar  which  eats  the  vine  will  starve  upon  the  alder : 
or  will  that  which  we  find  upon  fennel  touch  the  rose- 
ush.  Some  insects  confine  themselves  to  two  or  three 
inds  of  plants  or  animals.  Some  again  show  so  strong  a 
reference  as  to  afford  reason  to  believe  that,  though 
ley  may  be  driven  by  hunger  to  others,  they  are  led  by 
le  pleasure  of  taste  to  a  few  particular  plants  alone ;  and 
]  this,  as  it  should  seem,  independently  of  habit  or 
nitation. 

But  should  we  accept  the  third  hypothesis,  and  even 
ury  it  so  far  as  to  ascribe  every  thing  which  concerns 
te  question  to  habit  (as  in  certain  species,  the  human 
secies  most  particularly,  there  is  reason  to  attribute 
imething),  we  have  then  before  us  an  animal  capacity, 
>t  less  perhaps  to  be  admired  than  the  native  congruities 
hich  the  other  scheme  adopts.  It  cannot  be  shown  to 
»alt  from  any  fixed  necessity  in  nature,  that  what  is 
equently  applied  to  the  senses  should  of  course  become 
greeable  to  them.  It  is,  so  far  as  it  subsists,  a  power  of 
scommodation  provided  in  these  senses  by  the  Author 
f  their  structure,  and  forms  a  part  of  their  perfection. 

In  whichever  way  we  regard  the  senses,  they  appear 
o  be  specific  gifts,  ministering,  not  only  to  preservation, 
)ot  to  pleasure.  But  what  we  usually  call  the  senses 
ire  probably  themselves  far  from  being  the  only  vehicles 
)f  enjoyment,  or  the  whole  of  our  constitution  which  is 
adcufated  for  the  same  purpose.  We  have  many  in- 
ternal sensations  of  the  most  agreeable  kind,  hardly  re- 
ferable to  any  of  the  five  senses.  Some  physiologists 
live  holden  that  all  secretion  is  pleasurable ;  and  that 
he  complacency  which  in  health,  without  any  external 
asignable  object  to  excite  it,  we  derive  from  life  itself,  is 
he  effect  of  our  secretions  going  on  well  within  us.  All 
his  may  be  true ;  but  if  true,  what  reason  can  be  al- 
igned for  it,  except  the  will  of  the  Creator  ?  It  may 
casonably  be  asked,  Why  is  any  thing  a  pleasured  vcA\ 
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know  no  answer  which  can  be  returned  to  the 
but  that  which  refers  it  to  appointment. 

We  can  give  no  account  whatever  of  onr  _  

the  simple  and  original  perception;    mi  qv^d  wk 
physical  sensations  are  assumed,  we  can  eeldoasr  tuec 
for  them   in  the  secondary  and  complicated  thapm 
which  they  take  tlie  name  of  diversions.    I  never  j 
met  with  a  sportsman  who  could  tell  me  in 
sport  consisted ;  who  could  resolve  it  into  its 
and  state  that  principle.     I  have  been  a  great 
fishing  myself,  and  in  its  cheerful  solitude  hire 
some  of  the  happiest  hours  of  a  sufficiently  happy 
but,  to  this  moment,  I  could  never  trace  out  the  I 
of  the  pleasure  which  it  afforded  me. 

The  "  quantum  in  rebus  inane  1"  whether 
our  amusements  or  to  our  graver  pursuits  (to  wl 
truth,  it  sometimes  equally  belongs),  k  always  ai 
complaint.  If  trifles  engage,  and  if  trifles  make  us 
the  true  reflection  suggested  by  the  experiment  i 
the  tendency  of  nature  to  gratification  and 
which  is,  in  other  words,  the  goodness  of  its 
towards  his  sensitive  creation. 

Rational  natures  also,  as  such,  exhibit  qualities 
help  to  confirm  the  truth  of  our  position.    The  degree  < 
understanding  found  in  mankind  is  usually  much  »/"■■*■" 
than  what  is  necessary  for  mere  preservation.    The 
sure  of  choosing  for  themselves,  and  of  proseootme; 
object  of  their  choice,  should  seem  to  be  an  0 
source  of  enjoyment.  The  pleasures  received  from 
great,  beautiful,  or  new,  from  imitation,  or  from  the 
arts,  are,  in  some  measure,  not  only  superadded,  bat 
mixed,  gratifications,  having  no  pains  to  balance 

I  do  not  know  whether  our  attachment  to  ainygjr 
not  something  more  than  the  mere  dictate  of  reason, 
even  than  the  mere  effect  of  association.  Property  61 
municatcs  a  charm  to  whatever  is  the  object  or  k.  ft 
the  first  of  our  abstract  ideas ;  it  cleaves  to  us  the 

*  Balguy  on  the  Divine  Benevolence 
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Bid  the  longest  It  endears  to  the  child  its  plaything, 
o  the  peasant  his  cottage,  to  the  landholder  his  estate. 
t  supplies  the  place  of  prospect  and  scenery.  Instead 
if  coveting  the  beauty  of  distant  situations,  it  teaches 
tvery  man  to  find  it  in  his  own.  It  gives  boldness  and 
Tandeur  to  plains  and  fens,  tinge  and  colouring  to  clays 
nd  fallows. 

All  these  considerations  come  in  aid  of  our  second  pro- 
oeition.  The  reader  will  now  bear  in  mind  what  our 
wo  propositions  were.  They  were,  firstly,  that  in  a 
■st  plurality  of  instances,  in  which  contrivance  is  per- 
dived,  the  design  of  the  contrivance  is  beneficial ;  se- 
sndly,  that  the  Deity  has  added  pleasure  to  animal 
msations  beyond  what  was  necessary  for  any  other  pur- 
use  :  or  when  the  purpose,  so  far  as  it  was  necessary, 
tight  have  been  effected  by  the  operation  of  pain. 

Whilst  these  propositions  can  be  maintained,  we  are 
ithorifted  to  ascribe  to  the  Deity  the  character  of  bene- 
>lence ;  and  what  is  benevolence  at  all,  must  in  him  be 
finite  benevolence,  by  reason  of  the  infinite,  that  is  to 
y,  the  incalculably  great,  number  of  objects  upon  which 
is  exercised. 


Of  the  origin  of  evil  no  universal  solution  has  been 
scovered;  I  mean,  no  solution  which  reaches  to  all 
ses  of  complaint.  The  most  comprehensive  is  that 
tiich  arises  from  the  consideration  of  general  rules.71 

*l  These  observations  on  General  Laws,  and  those  which 
How  upon  the  doctrine  of  Imperfections,  have  been  mis- 
derstood  in  the  same  way  with  the  former  remarks,  re- 
ired  to  in  the  second  note  upon  this  chapter  ;  but  it  must 
allowed  that  the  expressions  here  used  respecting  General 
lwb  are  somewhat  incautious,  and  more  liable  to  cavil, 
jvertheless,  the  whole  scope  of  the  argument  which  follows 
ainly  shows  that  our  author  never  thought  of  solving  the 
Hiculty  as  to  evil  by  resorting  to  the  existence  of  laws, 
lich  are  themselves  only  the  modes  of  acting  pursued  by 
e  Deity  himself.  In  truth  this  portion  of  his  argument  is, 
ce  that  on  which  we  formerly  commented,  only  to  be  oooc- 
lered  as  stating  a  deduction  to  be  made  from  ft&  to\& 
wuut  of  eril;  in  other  words,  the  reasoning  Va  ot\Vj  tw  tfe- 
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Wc  may,  I  think,  without  much  difficulty,  be  brought* 
admit  the  four  following  points :  first,  that  important  d>  -^ 
vantages  may  accrue  to  the  universe  from  the  order  of  |  j^ 
nature  proceeding  according  to  general  laws :  secoodr/, 
that  general  laws,  however  well  set  and  constituted,  oftii 
thwart  and  cross  one  another:  thirdly,  that  from  tat 
thwartings  and   crossings,  frequent    particular   ineoa* 
veniences  will  arise :  and,  fourthly,  that  it  agrees  wit 
our  observation  to  suppose,  that  some  degree  of  thai 
inconveniences  takes  place  in  the  works  of  nature.  The* 
points  may  be  allowed ;  and  it  may  also  be  asserted,  fkt 
the  general  laws  with  which  we  are  acquainted  art 
directed  to  beneficial  ends.    On  the  other  hand,  will 
many  of  these  laws  we  are  not  acquainted  at  all,  or  «i 
are  totally  unable>to  trace  them  in  their  branches,  and  k 
their  operation ;  the  effect  of  which  ignorance  is,  that 
they  cannot  be  of  importance  to  us  as    measure!  by 
which  to  regulate  our  conduct.    The  conversation  i 
them  may  be  of  importance  in  other  respects,  or  ti 
other  beings,  but  we  are  uninformed  of  tneir  value  ar 
use  ;  uninformed  consequently,  when,  and  how  for,  they 
may  or  may  not  be  suspended,  or  their  effects  tunes 
aside,  by  a  presiding  and  benevolent  will,  without  is- 
curring  greater  evils  than  those  which  would  be  avoided. 
The  consideration,  therefore,  of  general  laws,  although 
it  may  concern  the  question  of  the  origin  of  evU  verj 
nearly  (which  I  think  it  doesV  rests  in  views  dispro- 
portionate to  our  faculties,  ana  in  a  knowledge  whiee 
we  do  not  possess.    It  serves  rather  to  account  for  tss 
obscurity  of  the  subject,  than  to  supply  us  with  distinct 
answers  to  our  difficulties.    However,  whilst  we  asseat 
to  the  above  stated  propositions,  as  principles,  whatever 
uncertainty  we  may  find  in  the  application,  we  lay  s 
ground  for  believing,  that  cases  or  apparent  evil,  for 
which  we  can  suggest  no  particular  reason,  are  governed 
by  reasons,  which  are  more  general,  which  lie  deeper  is 


duction  of  the  apparent  quantity  to  the  real.    AnylUsg 

beyond  this  would  really  be  recurring  to  the  ancient  dootriM 

of  the  heathens,  whose  gods  "were  \Ym\\&&\&.\a<ircc  and  — 

trolled  by  fate. 
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>rder  dF  second  causes,  and  which  on  that  account 
emoved  to  a  greater  distance  from  us. 
le  doctrine  of  imperfections,  or,  as  it  is  called,  or 
of  imperfection,  furnishes  an  account,  founded,  like 
ormer,  in  views  of  universal  nature.  The  doctrine 
•iefly  this: — It  is  probable,  that  creation  may  be 
r  replenished  by  sensitive  beings  of  different  sorts, 
by  sensitive  beings  all  of  one  sort.  It  is  likewise 
ible,  that  it  may  be  better  replenished  by  different 
*s  of  beings  rising  one  above  another  in  gradation, 
by  beings  possessed  of  equal  degrees  of  perfection. 
,  a  gradation  of  such  beings  implies  a  gradation  of 
rfections.  No  class  can  justly  complain  of  the  im- 
ictions  which  belong  to  its  place  in  the  scale,  unless 
>re  allowable  for  it  to  complain,  that  a  scale  of  being 
appointed  in  nature ;  for  which  appointment  there 
ar  to  be  reasons  of  wisdom  and  goodness. 

like  manner  finiteness,  or  what  is  resolvable  into 
mess,  in  inanimate  subjects,  can  never  be  a  just  sub- 
of  complaint ;  because  if  it  were  ever  so,  it  would 
Iways  so :  we  mean,  that  we  can  never  reasonably 
nd  that  things  should  be  larger  or  more,  when  the 
demand  might  be  made,  whatever  the  quantity  or 
>er  was. 

id  to  me  it  seems  that  the  sense  of  mankind  has  so 
3quiesced  in  these  reasons,  as  that  we  seldom  com- 

of  evils  of  this  class,  when  we  clearly  perceive 

to  be  such.  What  I  have  to  add,  therefore,  is, 
we  ought  not  to  complain  of  some  other  evils,  which 
.  upon  the  same  foot  of  vindication  as  evils  of  cqn- 
i  imperfection.  We  never  complain,  that  the  globe 
r  earth  is  too  small :  nor  should  we  complain,  if  it 

even  much  smaller.  But  where  is  the  difference  to 
etween  a  less  globe,  and  part  of  the  present  being 
labitable  ?  The  inhabitants  of  an  island  may  be  apt 
2fh  to  murmur  at  the  sterility  of  some  parts  of  it, 
tst  its  rocks,  or  sands,  or  swamps:  but  no  one 
;s  himself  authorised  to  murmur,  simply  because  the 
i  is  not  larger  than  it  is.    Yet  these  axe  \b&  su&& 
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The  above  are  the  two  metaphyseal  answers  i 
have  been  given  to  this  great  question.  They  ar 
the  worse  for  being  metaphysical,  provided  the 
founded  (which  T  think  they  are)  in  right  reaso 
but  they  are  of  a  nature  too  wide  to  be  brought  audi 
survey,  and  it  is  often  difficult  to  apply  them  ii 
detail.  Our  speculations,  therefore,  are  perhaps  1 
employed  when  they  confine  themselves  within  s 
rower  circle. 

The  observations  which  follow  are  of  this  more  lii 
but  more  determinate,  kind. 

Of  bodily  pain,  the  principal  observation,  no  doi 
that  which  we  have  already  made,  and  already 
upon,  viz.  "  that  it  is  seldom  the  object  of  contriv 
that  when  it  is  so,  the  contrivance  rests  ultimate 
good." 

To  which,  however,  may  be  added,  that  the  ann 
of  pain  to  the  means  of  destruction  is  a  salutan 
vision ;  inasmuch  as  it  teaches  vigilance  and  cai 
both  gives  notice  of  danger,  and  excites  those  endet 
which  may  be  necessary  to  preservation.  The  evi 
sequence,  which  sometimes  arises  from  the  want  o: 
timely  intimation  of  danger  which  pain  gives,  is  k 
to  the  inhabitants  of  cold  countries  by  the  exam] 
frost-bitten  limbs.  I  have  conversed  with  patients 
had  lost  toes  and  fingers  by  this  cause.  They  ha 
general  told  me,  that  they  were  totally  uneonscic 
any  local  uneasiness  at  the  time.  Some  I  have 
declare,  that,  whilst  they  were  about  their  employ 
neither  their  situation,  nor  the  state  of  the  air,  \va 
pleasant.  They  felt  no  pain  ;  they  suspected  no 
chief;  till,  by  the  application  of  warmth,  they  disco 
too  late  the  fatal  injury  which  some  of  their  extrei 
had  suffered.  I  say  that  this  shows  the  use  of  pair 
that  we  stand  in  need  of  such  a  monitor.  I  believe 
that  the  use  extends  farther  than  we  suppose,  or  can 
trace;  that  to  disagreeable  sensations  we,  and  all 
mals,  owe,  or  have  owed,  many  habits  of  action  \ 
are  salutary,  but  which  are  become  so  familiar  a 
easily  to  be  referred  to  their  ongvxv. 


SAiraAL  THEClfJDGT.  i; 


**  Paz*  also  itself  if  not  without  its  m/Jeriations. 

ly  be  violent  and  frequent :  '»;it  i:  is  »*-iiii'>in  Lmth  t* 

lent  and  long-continued :  and  i:s  pauses  and  i:.u  nn: 

sjioas  become  positive  pleasure*.     It  ha?  the  po»i—  < 

fihedding  a  satisfaction  over  interval?  of  ease.  whir!.. 

■believe,  few  enjoyments  exceed.     A  man  restimr  fn-m 

4k  of  die  stone  or  gout  is.  for  the  time,  in  )io>se$sion  i 

feelings  which  nndisturbed  health  cannot  import.     The 

my  be  dearlr  bought,  but  still  thev are  to  be  set  acainj 

the  price.     And.  indeed,  it  depends  ujion  the  dura  tic 

and  urgency  of  the  pain,  whether  they  be  dearly  bouirt 

or  not.     I  am  far  from  being  sure,  that  a  man  is  not 

gamer  by  suffering  a  moderate  interruption  of  bodily  eas 

5ot  a  couple  of  hours  out  of  the  four  and  twenty.     Tw 

Teryconunon  observations  favour  this  opinion :  one  is.  thi 

remissions  of  pain  call  forth,  from  those  who  exj>erienc 

them,  stronger  expressions  of  satisfaction  and  of  gratitud 

towards  both  the  author  and  the  instruments  of  thei 

relief,  than  are  excited  bv  advantages  of  anv  other  kind 

the  second  is,  that  the  spirits  of  sick  men  do  not  sink  i: 

proportion  to  the  acuteness  of  their  sufferings :  but  rathe 

appear  to  be  roused  and  supported,  not  by  jMiin,  but  b 

the  high  degree  of  comfort  which  they  derive  from  it 

cessation,  or  even  its  subsidency,  whenever  that  occurs 

and  which  they  taste  with  a  relish  that  diffuses  soni 

portion  of  mental  complacency  over"  the  whole  of  tha 

.  mixed  state  of  sensations  in  which  disease  has  placo< 

them. 

In  connexion  with  bodily  ]>ain  may  be  considers 
bodily  disease,  whether  painful  or  not.     Few  disease 
fetal.     I  have  before  me  the  account  of  a  dispensary 


*■  This  chapter,  we  are  told  by  Dr.  Fenwick,  in  his  sketcl 
of  Dr.  Clark's  life,  "  was  written  when  Dr.  Paley  was  sui 
filing  under  severe  attacks  of  a  painful  disorder  under  whicl 
he  had  long  laboured,  and  which  afterwards  proved  fatal.' 
Dr.  Fenwick  justly  remarks  upon  the  additional  iutcrcs 
which  this  circumstance  communicates  to  the  av*~ 
marks  upon  the  interruptions  of  pain.— Meadh 
of  Paley,  p.  204. 
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in  the  neighbourhood,  which  states  six  yean* 
as  follows : — 

Admitted 6,430 

Cured 6,476 

Dead 


^ 


And  this  I  suppose  nearly  to  agree  with  what  otfcsr 
similar  institutions  exhibit.  Now,  in  all  these  CM 
some  disorder  must  have  been  felt,  or  the  patients  wosM 
not  have  applied  for  a  remedy;  yet  we  see  how  large  I 

Eroportion  of  the  maladies  which  were  brought  forwnd 
ave  either  yielded  to  proper  treatment,  or,  what  Is  mot 
probable,  ceased  of  their  own  accord.     We  owe  the* 
frequent  recoveries,  and,  where  recovery  doe*  not  tab 
place,  this  patience  of  the  human  constitution  under 
many  of  the  distempers  by  which  it  is  visited,  to  tn 
benefactions  of  our  nature.    One  is,  that  she  wab 
within  certain  limits ;  allows  of  a  certain  latitude  witsk 
which  health  may  be  preserved,  and  within  the  conftMl 
of  which  it  only  suffers  a  graduated  diminution.    De- 
ferent quantities  of  food,  different  degrees  of  exercue, 
different  portions  of  sleep,  different  states  of  the  atmo* 
phere,  are  compatible  with  the  possession  of  healtk 
So  likewise  it  is  with  the  secretions  and  excretions,  wiA 
many  internal  functions  of  the  body,  and  with  the  state, 
probably,  of  most' of  its  internal  organs.     They  nnj 
vary  considerably,  not  only  without  destroying  life,  bst 
without  occasioning  any  high  degree  of  inconveniencr* 
The  other  property  of  our  nature,  to  which  we  are  still 
more  beholden,  is  its  constant  endeavour  to  restore  itseH 
when  disordered,  to  its  regular  course.    The  fluids  of 
the  body  appear  to  possess  a  power  of  separating  and 
expelling  any  noxious  substance  which  may  have  mixed 
itself  with  them.     This  they  do,  in  eruptive  fevers,  bf 
a  kind  of  despumation,  as  Sydenham  calls  it,  analogous 
in  some  measure  to  the  intestine  action  by  which  fer- 
menting liquors  work  the  yest  to  the  surface.    U* 
solids,  on  their  part,  when  their  action  is  obstructed,  not  1 
only  resume  that  action  as  soon  as  the  obstruction  if  »•  L 
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Inoved,  but  they  straggle  with  the  impediment  They 
lake  an  action  as  near  to  the  trne  one,  as  the  difficulty 
and  the  disorganisation  with  which  they  have  to  contend 
will  allow  of. 

Of  mortal  diseases,  the  great  use  is  to  reconcile  us  to 
death.  The  horror  of  death  proves  the  value  of  life. 
Bat  it  is  in  the  power  of  disease  to  abate,  or  even  extin- 
guish, this  horror,  which  it  does  in  a  wonderful  manner, 
and  oftentimes  by  a  mild  and  imperceptible  gradation. 
Every  man  who  has  been  placed  in  a  situation  to  observe 
it,  is  surprised  with  the  change  which  has  been  wrought 
in  himself,  when  he  compares  the  view  which  he  enter- 
tains of  death  upon  a  sick-bed,  with  the  heart-sinking 
dismay  with  which  he  should  some  time  ago  have  met  it 
in  health.  There  is  no  similitude  between  the  sensa- 
tions of  a  man  led  to  execution,  and  the  calm  expiring  of 
a  patient  at  the  close  of  his  disease.  Death  to  him  is 
only  the  last  of  a  long  train  of  changes,  in  his  progress 
through  which  it  is  possible  that  he  may  experience  no 
shocks  or  sudden  transitions. 

Death  itself,  as  a  mode  of  removal  and  of  succession, 
is  so  connected  with  the  whole  order  of  our  animal 
world,  that  almost  everything  in  that  world  must  be 
changed,  to  be  able  to  do  without  it.  It  may  seem 
likewise  impossible  to  separate  the  fear  of  death  from 
the  enjoyment  of  life,  or  the  perception  of  that  fear  from 
rational  natures.  Brutes  are  in  a  great  measure  deli- 
vered from  all  anxiety  on  this  account  by  the  inferiority 
of  their  faculties  ;  or  rather  they  seem  to  be  armed  with 
tile  apprehension  of  death  just  sufficiently  to  put  them 
upon  the  means  of  preservation,  and  no  farther.  But 
Would  a  human  being  wish  to  purchase  this  immunity  at 
tile  expense  of  those  mental  powers  which  enable  him 
to  look  forward  to  the  future  ? 

Death  implies  separation ;  and  the  loss  of  those  whom 
W'e  love  must  necessarily,  so  far  as  wc  can  conceive,  be 
Accompanied  with  pain.     To  the  brute  creation,  nature 
Seems  to  have  stepped  in  with  some  secret  prov* 
Elieir  relief,  under  the  rupture  of  their  attache 
their  instincts  towards  their  offspring,  and  Q 
vol.  m. 
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:o  them,  I  have  often  been  surprised  ti 
\  "ardently  they  love,  and  bow  soon  they  for* 
m  pertinacity  of  human  sorrow  (upon  which  time  r 
ftngth,  lays  its  softening  hand)  is  probably,  there! 

Q[ manner   connected  with   the   qualities  of  U 

>r  morn]  nature.     One  thing,  however,  isclol 
I  (hat  it  is  better  that  we  should  possess  affections,  IM 
of  so  many  virtues  and  so  many  joys,  n'"' 
exposed  to  the  incidents  of  life,  a 
itionsof  mortality,  than,  by  the  wsnl 
1  to  a  stale  of  selfishness,  apathy,  and  quieti 
ther   external  evils  (still  confining  ourselx* 
c  (mIIciI  physical  or  natural  evils),  a  cnnsiV    * 
.  ma  within  the  scope  of  the  Following;  o 
— The  great  principle  of  human  safkfecth) 
tent.     It  is  ft  moat  just  distinction,  which  tli 
I  Tucker  has  dwelt  upon  so  largely  in  his  work 
Kn  pleasures  in  which  wo  are  passive,  and  .picas 
'  ich  we  are  active.     Anil  I  believe  every  ate 
or  of  human  life  will  assent,  to  his   position,  tji 
er  grateful  the  sensations  niay  oceusiaivillj  i1 
we  are  passive,  it  ist  not  these,  but  the  latter  A 
r  pleasures  which  constitute  satis" 
lly  that  regular  stream  of  moderate  and  rnises'ltui 
■yments  in  which  happiness,  aa  distinguit 
aess,  consists.     Now  for  rational  o_ 
,   n  other  words,  for  the  very  material  o. 
J  existence,  there  would  be  no  place  left,  if  « 
Idlings  with  which  we  had  to  do  were  absolute! 
Iticable  to  our  endeavours,  or  if  they  were  too  ob« 
Tur  uses.     A  world  furnished  with  advantages  a 
\,  and  beset  with  difficulties,  wants,  mid  inc 
n  the  other,  is  the  proper  abode  of  free,  t 
ive  natures,  being  the  fittest  to  stimulate  ai 
their  faculties.     The  very  refractornuss  o 
lets  they  have  to  deal  with  contributes  to 
f.     A  world  in  which  nothing  dejsended  i 
ps,  however  it  might  have  suited  an  in 
I  The  remarks  made  in  note  71  'are  applicable  « 
I  of  the  test  also. 
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p,  would  not  have  suited  mankind.  Their  skill, 
ence,  industry, — their  various  arts  and  their  best 
unents,  from  the  application  of  which  they  draw,  if 
their  highest,  their  most  permanent  gratifications, 
d  be  insignificant,  if  things  could  be  either  moulded 
or  volitions,  or,  of  their  own  accord,  conformed 
selves  to  our  views  and  wishes.  Now  it  is  in  this 
ctoriness  that  we  discern  the  seed  and  principle  of 
ical  evil,  as  far  as  it  arises  from  that  which  is  exter- 
ous. 

vU  evils,74  or  the  evils  of  civil  life,  are  much  more 

f  disposed  of  than  physical  evils,  because  they  are 

ith  of  much  less  magnitude,  and  also  because  they 

t,  by  a  kind  of  necessity,  not  only  from  the  constitu* 

of  our  nature,  but  from  a  part  of  that  constitution 

ti  no  one  would  wish  to  see  altered.    The  case  is 

Mankind  will  in  every  country  breed  up  to  a  cer- 

point  of  distress.    That  point  may  be  different  in 

ent  countries  or  ages,  according  to  the  established 

s  of  life  in  each.    It  will  also  shift  upon  the  scale, 

o  admit  of  a  greater  or  less  number  of  inhabitants,  / 

ing  as  the  quantity  of  provision,  which  is  either  1 

ed  in  the  country  or  supplied  to  it  from  other  ( 

es,  may  happen  to  vary.    But  there  must  always  j 

a  point,  ana  the  species  will  always  breed  up  to 

e  order  of  generation  proceeds  by  something  like 

Btrical  progression.     The  increase  of  provision, 

rcumstances  even  the  most  advantageous,  can 

ime  the  form  of  an  arithmetic  series.     Whence 

that  the  population  will  always  overtake  the 

will  pass  beyond  the  line  of  plenty,  and  will 

arguments  respecting  civil  and  political  evils  it 

t  to  keep  the  distinction  steadily  in  view  between 

t  under  necessary  sufferings,  and  quietism  under 

-  be  avoided  by  improvements  in  our  institutions. 

t,  indeed,  under  even  the  latter,  is  a  virtue  as 

ice  during  the  period  required  for  their  safe  and 

aendment ;  but  this  is  no  exception  to  the  rule 

7Q  glanced  at,  for  the  sufferings  must  be  consl- 

ry  until  their  removal  can  be  sa&Yy  effi&taft* 


r 


176 


NATURAL  THEOLOGY. 


continue  to  increase  till  checked  by  the  difficulty  of  po» 
curing  subsistence.*  Such  difficulty,  therefore,  sung 
with  its  attendant  circumstances,  must  be  found  ia  eray 
old  country ;  and  these  circumstances  constitute  what  it 
call  poverty,  which  necessarily  imposes  labour, 
restraint. 

It  seems  impossible  to  people  a  country  with 
bitants  who  shall  be  all  easy  in  circumstances. 
suppose  the  thing  to  be  done,  there  would  be  such 
ing  and  giving  in  marriage  amongst  them,  as  would  nTa| 
few  years  change  the  face  of  affairs  entirely,  t.  e.  as ' 
increase  the  consumption  of  those  articles  which  soppfislj 
the  natural  or  habitual  wants  of  the  country  to  sack  s 
degree  of  scarcity,  as  must  leave  the  greatest  part  of  tsf  j 
inhabitants  unable  to  procure  them  without  tousomei 
dcavours,  or  out  of  the  different  kinds  of  these 
to  procure  any  kind  except  that  which  was  most 
produced.  And  this  in  fact  describes  the  conditio*  < 
the  mass  of  the  community  in  all  countries,  a 
unavoidably,  as  it  should  seem,  resulting  from  the 
sion  which  is  made  in  the  human,  in  common 
animal  constitutions,  for  the  perpetuity  and  mull 
of  the  species. 

It  need  not,  however,  dishearten  any  endeavours 
the  public  service,  to  know  that  population 
treads  upon  the  heels  of  improvement.  If  the 
of  a  people  be  meliorated,  the  consequence  will  be 
that  the  mean  happiness  will  be  increased,  or  a 
number  partake  of  it ;  or,  which  is  most  likely  to 
that  both  effects  will  take  place  together.  There  isf  ] 
be  limits  fixed  by  nature  to  both,  but  they  are  limits  si] 
yet  attained  nor  even  approached  in  any  country  of  tM 
world. 

And  when  we  speak  of  limits  at  all,  we  have 
only  to  provisions  for  animal  wants.     There  are 
ana  means,  and  auxiliaries,  and  augmentations  of 
happiness,  communicable  without  restriction  of  ni 
as  capable  of  being  possessed  by  a  thousand  persons 

*  See  a  statement  of  this  subject  in  a  late 
population. — Note  of  the  Author. 


with 


happ* 


NATURAL  THEOLOGY.  177 

by  one.  Such  are  those  which  flow  from  a  mild,  con- 
trasted with  a  tyrannic  government,  whether  civil  or 
domestic ;  those  which  spring  from  religion ;  those  which 
grow  out  of  a  sense  of  security;  those  which  depend 
upon  habits  of  virtue,  sobriety,  moderation,  order ;  those, 
lastly,  which  are  found  in  the  possession  of  well-directed 
tastes  and  desires,  compared  with  the  dominion  of  tor- 
menting, pernicious,  contradictory,  unsatisfied,  and  un- 
smtisfiable  passions. 

The  distinctions  of  civil  life  are  apt  enough  to  be  re-* 
garded  as  evils  by  those  who  sit  under  them ;  but,  in 
my  opinion,  with  very  little  reason. 

In  the  first  place,  the  advantages  which  the  higher 
conditions  of  life  are  supposed  to  confer  bear  no  propor- 
tion in  value  to  the  advantages  which  are  bestowed  by 
nature.  The  gifts  of  nature  always  surpass  the  gifts  of 
fortune.  How  much,  for  example,  is  activity  letter  than 
attendance ;  beauty  than  dress  ;  appetite,  digestion,  and 
tranquil  bowels,  than  all  the  studies  of  cookery,  or  than 
the  most  costly  compilation  of  forced  or  far-fetched 
dainties ! 

Nature  has  a  strong  tendency  to  equalisation.  Habit, 
the  instrument  of  nature,  is  a  great  leveller ;  the  famili- 
arity which  it  induces  taking  off  the  edge  both  of  our 
pleasures  and  our  sufferings.  Indulgences  which  are 
habitual,  keep  us  in  ease,  and  cannot  be  carried  much 
farther.  So  that  with  respect  to  the  gratifications  of 
which  the  senses  are  capable,  the  difference  is  by  no 
means  proportionable  to  the  apparatus.  Nay,  so  far  as 
superfluity  generates  fastidiousness,  the  difference  is  on 
the  wrong  side. 

It  is  not  necessary  to  contend,  that  the  advantages  de- 
rived from  wealth  are  none  (under  due  regulations  they 
are  certainly  considerable),  but  that  they  are  not  greater 
than  they  ought  to  be.    Money  is  the  sweetener  of  hu- 
man toil ;  the  substitute  for  coercion ;  the  reconciler  <** 
labour  with  liberty.    It  is,  moreover,  the  s&m\& 
enterprise  in  all  projects  and  undertakings  a& " 
of  diligence  in  the  most  beneficial  arts  and  em\\c 
fow,  did  affluence,  when  possessed,   contnb\A» 


tt>  Iz-yJ-jm-  or  aodaor  btjoail  *e  aneve  Mpaiy  tf 
K0Kx*aa.~.*?. — scd  toe  secret  saiamld  came  to  be  rfiauittd, 
— •»«;  rr/g^t  ■>&  a  danger  of  hiring  jgeat  part  of  taoafa 
*r.>,fi  *.•*  «  presort  csriTed  to  s'tfinnribdni  i—fWHti— t 
utt**: .::..  Not  iciy  woold  the  tranquillity  of  soeUBb 
U*  pat ::.  p^rii  by  the  want  of  a  motive  to  attach  net  to 
tirtir  private  vxuxna;  bat  the  satisfaction  which  si 
men  revive  from  saccess  in  their  respective  occupation, 
which  'y,; Jecti rely  constitutes  the  great  mass  off  basal 
comfort,  vto-dd  be  done  away  in  its  very  principle. 

With  respect  to  station,  as  it  is  distinguished  fioii 
rich*:*,  w  hether  it  confer  authority  over  others,  or  be  ah 
veatcd  with  honours  which  applj  solely  to  sentiment  aol 
imagination,  the  truth  is  that  what  is  gained  by  ring 
through  the  ranks  of  life  is  not  more  than  sufficient  to 
draw  forth  the  exertions  of  those  who  are  engaged  m 
the  pursuits  which  lead  to  advancement,  and  Which,  a 
general,  are  such  as  ought  to  be  encouraged.  Distaff* 
lioriH  of  this  sort  are  subjects  much  more  of  competraoi 
than  of  enjoyment ;  and  in  that  competition  their  use  coa- 
HiHtM.  J  t.  is  not,  as  hath  been  rightly  observed,  by  what 
the  Lord  Mayor  feels  in  his  coach,  but  by  what  the 
iijqtmificG  feels  who  gazes  at  him,  that  the  public  k 
served. 

Ah  \vc  approach  the  summits  of  human  greatness,  las 
coimmrison  of  good  and  evil,  with  respect  to  personal 
coin  tort,  becomes  still  more  problematical ;  even  allow* 
injx  to  umhilion  all  its  pleasures.  The  poet  asks,  "  What 
jm  grandeur,  whut  is  power?"  The  philosopher  answers, 
44  Constraint  and  plague :  et  in  maximd  gtidque  Jbrtmi 
Minimum  licere."  One  very  common  error  misleads  tfcfl 
opinion  of  mankind  on  this  head,  viz.  that,  universal!*, 
uuthorih  is  pleasant,  submission  painful.  In  thegenen* 
course  of  hunmn  utlairs,  the  very  reverse  of  this  isneaW 
I  ho  truth.     Command  is  anxiety,  obedience  ease. 

Athiivvd  distinctions  sometimes  promote  real  eqntlfy. 
Wln^tlur  ihcv  be  hereditary,  or  be  the  homage  paid  to 
»r  the  tvspect  attached  by  public  opinion  to  paf*  1 
-vft**1  ■»•  to  confront  that  grand  an|/ 

lit  fcitansw  fem^ro^erty^ar 
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most  overbearing  where:  there  is  no  other.    It 

nature  of  property,  not  only  to  be  irregularly 
k1,  but  to  run  into  large  masses.  Public  laws 
3  so  constructed  as  to  favour  its  diffusion  as  much 
an.  But  all  that  can  be  done  by  laws,  consist- 
h  that  degree  of  government  of  his  property 
jght  to  be  left  to  the  subject,  will  not  be  sum* 
counteract  this  tendency.  There  must  always, 
;,  be  the  difference  between  rich  and  poor ;  and 
rence  will  be  the  more  grinding  when  no  pre- 
3  allowed  to  be  set  up  against  it. 
t  the  evils,  if  evils  they  must  be  called,  which 
ther  from  the  necessary  subordinations  of  civil 
om  the  distinctions  which  have  naturally,  though 
issarily,  grown  up  in  most  societies,  so  long  as 

unaccompanied  by  privileges  injurious  or  op- 
to  the  rest  of  the  community,  are  such  as  may, 
the  most  depressed  ranks,  be  endured  with  very 
judice  to  their  comfort. 

lischiefs  of  which  mankind  are  the  occasion  to 
her,  by  their  private  wickednesses  and  cruelties ; 
nical  exercises  of  power ;  by  rebellions  against 
ority  ;  by  wars ;  by  national  jealousies  and  com- 

operating  to  the  destruction  of  third  countries  ; 
ler  instances  of  misconduct  either  in  individuals 
ies,  are  all  to  be  resolved  into  the  character  of 

free  agent.  Free  agency,  in  its  very  essence, 
liability  to  abuse.  Yet,  if  you  deprive  man  o 
agency,  you  subvert  his  nature.  You  may  have 
>m  him  and  regularity,  as  you  may  from  the  tides 
ade-winds,  but  you  put  an  end  to  his  moral  cha- 
>  virtue,  to  merit,  to  accountableness,  to  the  use 
f  reason.  To  which  must  be  added  the  observa- 
it  even  the  bad  qualities  of  mankind  have  an 
1  their  good  ones.    The  case  is  this:  Human 

are  either  necessary  to  human  welfare,  or  ca- 
'  being  made,  and,  in  a  great  majority  of  in- 
in  fact  made,  conducive  to  its  happiness.     These 

are  strong  and  general ;  and,  perhaps,  vjouVI 
■ver  their  purpose  unless  they  were  so*    Ttafc 
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found,    1  believe,  to   bo  One,  that  in  every  comroajr /' 

there  I*  h  lur^cn   ulaai  of  rt»  members,  whose  id  lent*  i'.  / 
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tun  much  of  it.     Hut  thii  ii  not  possible,  if  iuct«t»I" 
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necessarily  arise  from  the  pursuit  of  events  which  are 
designed.     One  man  travelling  to  York,  meets  another 
man  travelling  to  London.    Their  meeting  is  by  chance, 
is  accidental,  and  so  would  be  called  and  reckoned, 
though  the  journeys  which  produced  the  meeting  were, 
both  of  them,  undertaken  with  design  and  from  delibe- 
ration.    The  meeting,  though  accidental,  was  neverthe- 
less hypothetically  necessary  (which  is  the  only  sort  of 
necessity  that  is  intelligible)  :  for  if  the  two  journeys 
were  commenced  at  the  time,  pursued  in  the  direction, 
and  with  the  speed,  in  which  and  with  which  they  were 
in  fact  begun  and  performed,  the  meeting  could  not  be 
avoided.     There  was  not,  therefore,  the  less  necessity 
in  it  for  its  being  by  chance.     Again,  the  rencounter 
might  be  most  unfortunate,  though  the  errand,  upon 
which  each  party  set  out  upon  his  journey,  were  the 
most  innocent  or  the  most  laudable.     The  by-effect  may 
be   unfavourable,   without  impeachment  of  the  proper 
purpose,  for  the  sake  of  which  the  train,  from  the  opera- 
tion of  which  these  consequences  ensued,  was  put  in 
motion.     Although  no  cause  act  without  a  good  purpose, 
accidental  consequences,  like  these,  may  be  either  good 
or  bad. 

II.  The  appearance  of  chance  will  always  bear  a  pro- 
portion to  the  ignorance  of  the  observer.     The  cast  of  a 
die  as  regularly  follows  the  laws  of  motion,  as  the  going 
of  a  watch  ;  yet,  because  we  can  trace  the  operation  of 
those  laws  through  the  works  and  movements   of  the 
watch,  and  cannot  trace  them  in  the  shaking  or  throwing 
of  the  die  (though  the  laws  be  the  same,  and  prevail 
equally  in  both  cases),  we  call  the  turning  up  of  the 
number  of  the  die,  chance  ;  the  pointing  of  the  index  of 
the  watch,  machinery,  order,  or  by  some  name  which 
excludes  chance.     It  is  the  same  in  those  events  which 
depend  upon  the  will  of  a  free  and  rational  agent.     The 
"verdict  of  a  jury,  the  sentence  of  a  judge,  the  resolution 
^>f  an  assembly,  the  issue  of  a  contested  election,  will 
liare  more  or  less  the  appearance  of  chance,  might  be 
■wore  or  less  the  subject  of  a  wager,  accordvu.^  %&  ^^ 
rer*^  less  or  more  acquainted  with  tnc Tcaaonaa  ^\C\Osv\cl- 
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fluenced  the  deliberation.    The  difference  resides  in.  the 
information  of  the  observer,  and  not  in  the  thing  itself; 
which,  in  all  the  cases  proposed,  proceeds  from  mtells- 
gence,  from  mind,  from  counsel,  from  design.75 

Now  when  this  one  cause  of  the  appearance  of 
viz.  the  ignorance  of  the  observer,  comes  to  be 
to  the  operations  of  the  Deity,  it  is  easy  to  foresee 
fruitful  it  must  prove  of  difficulties  and  of  seeming  con- 
fusion.    It  is  only  to  think  of  the  Deity,  to  perceive 
what  variety  of  objects,  what  distance  of  time,  whft 
extent  of  space  and  action,  his  counsels  may,  or  rather 
must,  comprehend.     Can  it  be  wondered  at,  that,  of  the 
purposes  which  dwell  in  such  a  mind  as  this,  go  small  a 
part  should  be  known  to  us?    It  is  only  necessary, 
therefore,  to  bear  in  our  thought,  that  in  proportion  to 
the  inadequateness  of  our  information,  will  oe  the  quan- 
tity in  the  world  of  apparent  chance. 

III.  In  a  great  variety  of  cases,  and  of  cases  compre- 
hending numerous  subdivisions,  it  appears,  for  many 
reasons,  to  be  better  that  events  rise  up  by  chancy  or, 
more  properly  speaking,  with  the  appearance  of  chance) 
than  according  to  any  observable  rule  whatever.  Thi 
is  not  seldom  the  case  even  in  human  arrangements. 
Each  person's  place  and  precedency,  in  a  public  meet- 
ing, may  be  determined  by  lot.  Work  and  labour  mtf 
be  allotted.    Tasks  and  burdens  may  be  allotted: 


Operumque  laborem 


Partibus  requabat  justis,  aut  aorte  trahebat. 

Military  service  and  station  may  be  allotted.  The  dis- 
tribution of  provision  may  be  made  by  lot,  as  it  is  in  t 
sailor's  mess ;  in  some  cases  also,  the  distribution  of 
favours  may  be  made  by  lot.  In  all  these  cases,  it  seenf 
to  be  acknowledged,  that  there  are  advantages  in  per- 
mitting events  to  chance  superior  to  those  which  would  , 
or  could  arise  from  regulation.     In  all  these  cases  abo, 

?5  See  note  to  p.  55  of  vol.  ii.  respecting  Chance.    Tlfc 
paragraph  is  wholly  free  from  the  inaccuracy  taken  nodes  of  |  s 
in  the  former  note. 
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though  events  rise  up  in  the  way  of  chance,  it  is  by  ap- 
pointment that  they  do  so. 

In  other  events,  and  such  as  are  independent  of  human 
will,  the  reasons  for  this  preference  of  uncertainty  to  rule 
appear  to  be  still  stronger.  For  example :  it  seems  to 
be  expedient  that  the  period  of  human  life  should  be 
uncertain.  Did  mortality  follow  any  fixed  rule,  it  would 
produce  a  security  in  those  that  were  at  a  distance  from 
it,  which  would  lead  to  the  greatest  disorders ;  and  a 
horror  in  those  who  approached  it,  similar  to  that  which 
a  condemned  prisoner  feels  on  the  night  before  his  exe- 
cution. But,  that  death  be  uncertain,  the  young  must 
sometimes  die,  as  well  as  the  old.  Also  were  deaths 
never  sudden,  they  who  are  in  health  would  be  too  con- 
fident of  life.  The  strong  and  the  active,  who  want 
most  to  be  warned  and  checked,  would  live  without  ap- 
prehension or  restraint.  On  the  other  hand,  were  sud- 
den deaths  very  frequent,  the  sense  of  constant  jeopardy 
would  interfere  too  much  with  the  degree  of  ease  and 
enjoyment  intended  for  us ;  and  human  life  be  too  pre- 
carious for  the  business  and  interests  which  belong  to  it. 
There  could  not  be  dependence  either  upon  our  own 
lives,  or  the  lives  of  those  with  whom  we  were  con- 
nected, sufficient  to  carry  on  the  regular  offices  of  human 
society.  The  manner,  therefore,  in  which  death  is  made 
to  occur,  conduces  to  the  purposes  of  admonition,  without 
overthrowing  the  necessary  stability  of  human  affairs.76 

Disease  being  the  forerunner  of  death,  there  is  the 
same  reason  for  its  attacks  coming  upon  us  under  the  ap- 

~  7«  It  must  never  be  forgotten  that,  according  to  the 
scheme,  whether  of  Natural  or  of  Revealed  Religion,  the 
doctrine  of  a  Future  State  removes  one  branch  of  the  evil 
here  treated  of,  and  answers  the  common  sceptical  objection 
.grounded  upon  the  destruction  of  one  being  made  the  means 
<*f  benefit  to  another.  In  the  view  of  religion,  the  person 
yemoved  by  Providence  is  to  be  considered  as  suffering  no 
Joss  whatever, — he  is  at  once  taken  to  a  superior  state.  The 
marvivon  alone  are  to  be  considered  as  regards  the  question 
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pearancc  of  chance,  as  there  is  for  uncertainty  in  the  torn 
of  death  itself. 

The  seasons  are  a  mixture  of  regularity  and  chance. 
They  are  regular  enough  to  authorise  expectation,  wkibt 
their  being  in  a  considerable  degree  irregular  induces, 
on  the  part  of  the  cultivators  of  the  soil,  a  necessity  fir 
personal  attendance,  for  activity,  vigilance,  precaution.  It 
is  this  necessity  which  creates  farmers ;  which  divides  tat 
profit  of  the  soil  between  the  owner  and  the  occupier; 
which  by  requiring  expedients,  by  increasing  employ* 
merit,  and  by  rewarding  expenditure,  promotes  agri- 
cultural arts  and  agricultural  life,  of  all  modes  of  life  tat 
best,  being  the  most  conducive  to  health,  to  virtue,  tt 
enjoyment.  I  believe  it  to  be  found,  in  fact,  that  when  | 
the  soil  is  the  most  fruitful,  and  the  seasons  the  nssst 
constant,  there  the  condition  of  the  cultivators  of  tat 
earth  is  the  most  depressed.  Uncertainty,  therefore,  a* 
its  use  even  to  those  who  sometimes  complain  of  it  tat 
most.  Seasons  of  scarcity  themselves  are  not  wfthoat 
their  advantages.77  They  call  forth  new  exertions ;  tksr 
set  contrivance  and  ingenuity  at  work ;  they  give  birtt  j 
to  improvements  in  agriculture  and  oeconomy  ;  they  pre-  t 
mote  the  investigation  and  management  of  public  if>  ^ 
sources.  ^ 

Again :  there  are  strong  intelligible  reasons  why  theft  i 
should  exist  in  human  society  great  disparity  of  wedk 
and  station ;  not  only  as  these  things  are  acquired  in  dif- 
ferent degrees,  but  at  the  first  setting  out  of  life.  J* 
order,  for  instance,  to  answer  the  various  demands  of 
civil  life,  there  ought  to  be  amongst  the  members  of 
every  civil  society  a  diversity  of  education,  which  cti 
only  belong  to  an  original  diversity  of  circumstanoei 
As  this  sort  of  disparity,  which  ought  to  take  place  fivsi 
the  beginning  of  life,  must,  ex  hypothesis  be  previous  to  tta 
merit  or  demerit  of  the  persons  upon  whom  it  falls,  est 
it  be  better  disposed  of  tnan  by  chance  ?  ParaUagt  ■ 
that  sort  of  chance :  yet  it  is  the  commanding  ciita* 

17  See  former  note  upon  the  only  legitimate  applkstioBtf 
sack  arguments* 
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general  fixes  each  man's  place  in  civil 
3very  thing  which  appertains  to  its  dis- 
ay  be  the  result  of  a  beneficial  rule,  that 
cmours  of  the  father  devolve  upon  the 
should  seem,  of  a  still  more  necessary 
x  or  laborious  condition  of  the  parent  be 
:>  his  family ;  but  with  resj>ect  to  the 
f,  it  is  the  drawing  of  a  ticket  in  a  lot- 
:ics,  therefore,  of  fortune,  at  least  the 

them,  viz.  those  which  attend  us  from 
lepend  upon  our  birth,  may  be  left,  as 
o  chance,  without   any  just  cause   for 

regency  of  a    supreme    Disposer    of" 

the  donation,  when  by  the  necessity  of 
ist  be  gifts,  but  even  the  acquirability  of 

ought  perhaps  in  a  considerable  degree 
•cy  of  chance.  Some  would  have  all  the 
r,  at  least,  removed  from  the  evils  of 
t  perceiving,  I  suppose,  the  consequence, 
w  must  be  wicked.  And  how  such  a 
!  kept  in  subjection  to  government,  has 
i ;  for  the  poor,  that  is,  they  who  seek 
;>  by  constant  manual  labour,  must  still 
)f  the  community  ;  otherwise  the  neces- 
lifc  could  not  be  carried  on,  the  work 
)ne,  which  the  wants  of  mankind  in  a 
tion,  and  still  more  in  a  state  of  refine- 

be  done, 
be  also  true,  that  the  exigencies  of  social 

for  an  original  diversity  of  external  cir- 
for  a  mixture  of  different  faculties,  tastes, 
Activity  and  contemplation,  restlessness 
go  and  timidity,  ambition  and  contented- 
y  even  indolence  and  dulness,  are  all 
orJd,  all  conduce  to  the  well  going  on  of 
st  as  the  rudder,  the  sails,  and  the  bal- 
ill  perform  their  part  in  the  navigation- 
c  characters  require  for  their  fwmfa&aa. 


1    • 
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different  original  talents,  different  dispositions,  perhaj*  f[ 
also  different  bodily  constitutions;  and  since,  likewise, it  jf 
is  apparently  expedient,  that  they  be  promiscuously  scat-  I 
tered  amongst  the  different  classes  of  society, — can  the  I* 
distribution  of  talents,  dispositions,  and  the  constitutiool  y 
upon  which  they  depend,  be  better  made  than  by  r 
chance  t  IP 

The  opposites  of  apparent  chance  arc  constancy  ana*  I* 
sensible  interposition ;  every  degree  of  secret  direction  r 
being  consistent  with  it  Now  of  constancy,  or  of  fixed  I* 
and  known  rules,  we  have  seen  in  some  cases  the  inap-  I* 
plicability ;  and  inconveniences  which  we  do  not  aw,  l1^ 
might  attend  their  application  in  other  cases'.  |J~ 

Of  sensible  interposition,  we  may  be  permitted  to  »•  H 
mark,  that  a  Providence,  always  and  certainly  dSatia-  rj 
guishable,  would  be  neither  more  nor  less  than  miradai  Wz 
rendered  frequent  and  common.  It  is  difficult  to  judp  Wr 
of  the  state  into  which  this  would  throw  us.  It  is  enough  ¥  ' 
to  say,  that  it  would  cast  us  upon  a  quite  different  da> W_ 
pensation  from  that  under  which  we  live.  It  would  bet^3 
total  and  radical  change.  And  the  change  would  deepfy  J* 
affect,  or  perhaps  subvert,  the  whole  conduct  of  bus*  lr 
affairs.  I  can  readily  believe,  that,  other  circumstaooaiFj 
being  adapted  to  it,  such  a  state  might  be  better  d*!*" 
our  present  state.  It  may  be  the  state  of  other  bein^iij*- 
it  may  be  ours  hereafter.  But  the  question  with  whuar^ 
we  are  now  concerned  is,  how  far  it  would  be  consigteatF 
with  our  condition,  supposing  it  in  other  respects  to* P* 
main  as  it  is  ?  And  in  this  question  there  seem  to  bFj!] 
reasons  of  great  moment  on  the  negative  side.  For  a«rj 
stance  :  so  long  as  bodily  labour  continues,  on  so  maajf" 
accounts,  to  be  necessary  for  the  bulk  of  mankind,  0f  rj*j 
dependency  upon  supernatural  aid,  by  unfixing  tho*.!*10 
motives  which  promote  exertion,  or  by  relaxing  thorf  « 
habits  which  engender  patient  industry,  might  mtrodajw  n 
negligence,  inactivity,  and  disorder,  into  the  moat  naajgg 
occupations  of  human  life ;  and  thereby  deteriorate  4ff^' 
condition  of  human  life  itself.  J*| 

As  moral  agents  we  should  experience  a  still  gre^sF^ 
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teration ;  of  which  more  will  be  said  under  the  next 
tide. 

Although,  therefore,  the  Deity,  who  possesses  the 
>wer  of  winding  and  turning,  as  he  pleases,  the  course 
causes  which  issue  from  himself,  do  in  fact  interpose 
alter  or  intercept,  effects  which,  without  such  inter- 
tsition,  would  have  taken  place  ;  yet  it  is  by  no  means 
credible  that  his  Providence,  which  always  rests  upon 
lal  good,  may  have  made  a  reserve  with  respect  to  the 
anifestation  of  his  interference,  a  part  of  the  very  plan 
bich  he  has  appointed  for  our  terrestrial  existence,  and 
part  conformable  with,  or  in  some  sort  required  by, 
her  parts  of  the  same  plan.  It  is  at  any  rate  evident, 
at  a  large  and  ample  province  remains  for  the  exercise 
Providence  without  its  being  naturally  perceptible  by 
;  because  obscurity,  when  applied  to  the  interruption 
laws,  bears  a  necessary  proportion  to  the  imperfection 
our  knowledge  when  applied  to  the  laws  themselves, 
rather  to  the  effects  which  these  laws,  under  their 
rious  and  incalculable  combinations,  would  of  their  own 
cord  produce.  And  if  it  be  said,  that  the  doctrine  of 
ivine  Providence,  by  reason  of  the  ambiguity  under 
tiich  its  exertion!  present  themselves,  can  be  attended 
ith  no  practical  influence  upon  our  conduct ;  that,  al- 
ough  we  believe  ever  so  firmly  that  there  is  a  Pro- 
dence,  we  must  prepare,  and  provide,  and  act,  as  if 
ere  were  none ;  1  answer,  that  this  is  admitted ;  and 
at  we  further  allege,  that  so  to  prepare,  and  so  to  pro- 
de,  is  consistent  with  the  most  perfect  assurance  of  the 
ality  of  a  Providence  :  and  not  only  so,  but  that  it  is, 
obably,  one  advantage  of  the  present  state  of  our  in* 
rmation,  that  our  provisions  and  preparations  are  not 
sturbed  by  it.  Or  if  it  be  still  asked,  Of  what  use  at 
I,  then,  is  the  doctrine,  if  it  neither  alter  our  measures 
»r  regulate  our  conduct  ?  I  answer  again,  that  it  is  of 
e  greatest  use,  but  that  it  is  a  doctrine  of  sentiment  and 
ety,  not  (immediately  at  least)  of  action  or  conduct ; 
at  it  applies  to  the  consolation  of  men's  minds,  to  their 
Totions,  to  the  excitement  of  gratitude,  the  support.  <& 
tience,  the  keeping  alive  and  the  stxengtYieivm^  <& 
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every  motive  for  endeavouring  to  please  our  Ma 
that  these  are  great  uses.78 

78  The  views  taken  in  these  three  paragraphs 

important,  and  they  lead  to  another  of  equal  mo 

indeed,  they  do  not  include  it),  respecting  the 

which  hangs  over  the  subject  of  a  Future  State. 

have  constantly  asked, — Why  a  matter,  beyond  all 

son  the  most  important  and  the  most  interesting 

should  be  left  in  any  the  least  doubt  ?  in  other  wo: 

the  combined  operation  of  Natural  and  Revealed 

should  not  be  to  make  us  just  as  certain  of  what  sh 

us  upon  our  removal  from  this  world  as  we  are  ol 

likely  to  happen  on  the  morrow  of  any  given  da 

answer  Is,— -because  this  matter  is  so  immeasura1 

important  and  more  interesting  to  us  than  all  oth 

'because,  unless  our  whole  nature  were  changed,  the 

•certainty  of  enjoyments  without  end   and  withe 

would  make  the  performance  of  our  present  task  in 

If,  indeed,  the  further  question  is  pressed, — "  Wh 

so  constituted?" — this  is  only  another  form  of  what 

all  these  reasonings  conceal,  the  question,  Why  : 

created  a  finite  being  ?    For  in  this  all  the  sceptical 

of  the  description  adverted  to  invariably  end.    Thu 

an  instance  from  one  gratification  which  of  neces 

supposes  evil, — There  is  pleasure  in  the  cessation 

and  in  the  enjoyment  of  rest  after  labour ;  as  there  ; 

satisfying  the  thirst  for  knowledge.    It  is  not  a  c< 

but  a  necessary  truth,  that  this  gratification  of  ea 

curiosity  satisfied,  cannot  be  obtained  without  the  p 

evil  of  suffering  or  fatigue,  or  the  preceding  imperf 

ignorance.    But  it  is  said,  why  might  we  not  have 

made  as  to  have  other  equal  pleasures  without  t 

And  had  such  been  our  constitution,  the  same  < 

would  have  said, — "  Here  is  one  source  of  enjoyi 

off."     Nay,  if  life  were  an  alternation  of  positive  en 

with  mere  ease,  they  would  still  say, — *'  Why  any 

of  positive  enjoyment,  compared  with  which  mew 

worthless,  and  so  an  evil  ?"    And  if  all  were  posith 

ment,  they  would  say, — "  Why  is  it  not  more  ex<; 

in  other  words, — "  Why  is  man  a  finite  being?" 

speculations,  however,  upon  this  subject  must  proce 

tne  assumption  that  the  design  ©i  ihoVYteoRfe-vas  1 
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Of  aix  views  under  which  human  life  has  ever  been 
jonsidered,  the  most  reasonable,  in  my  judgment,  is  that 
which  regards  it  as  a  state  of  probation.  If  the  course 
of  the  world  was  separated  from  the  contrivances  of 
nature,  I  do  not  know  that  it  would  be  necessary  to  look 
for  any  other  account  of  it  than  what,  if  it  may  be  called 
SB  account,  is  contained  in  the  answer,  that  events  rise 
up  by  chance.  But  since  the  contrivances  of  nature  de- 
cidedly evince  intention;  and  since  the  course  of  the 
world  and  the  contrivances  of  nature  have  the  same 
author ;  we  are,  by  the  force  of  this  connexion,  led  to 
believe,  that  the  appearance  under  which  events  take 
place,  is  reconcileable  with  the  supposition  of  design  on 
the  part  of  the  Deity.  It  is  enough  that  they  be  recon- 
cileable with  this  supposition  ;  and  it  is  undoubtedly  true 
that  they  may  be  reconcileable,  though  we  cannot  recon- 
cile them.  The  mind,  however,  which  contemplates  the 
works  of  nature,  and  in  those  works  sees  so  much  of 
■wans  directed  to  ends,  of  beneficial  effects  brought 
•boat  by  wise  expedients,  of  concerted  trains  of  causes 
terminating  in  the  happiest  results ;  so  much,  in  a  word, 
of  counsel,  intention,  and  benevolence ;  a  mind,  I  say, 
drawn  into  the  habit  of  thought  which  these  observations 
excite,  can  hardly  turn  its  view  to  the  condition  of  our 
own  species  without  endeavouring  to  suggest  to  itself 
tone  purpose,  some  design,  for  which  the  state  in  which 
we  are  placed  is  fitted,  and  which  it  is  made  to  serve. 
How  we  assert  the  most  probable  supposition  to  be,  that 
it  is  a  state  of  moral  probation ;  and  that  many  things  in 

a  finite,  mortal  creature,  endowed  with  free  will,  but  influ- 
enced by  motives  inducing  and  dissuading.  Any  inquiry 
Into  the  reason  for  such  a  determination  being  taken  by  the 
Supreme  Being  far  exceeds  the  bounds  of  our  faculties ;  and 
the  question  as  to  evil  must  be  always  handled  with  the  im- 
that,  beyond  a  certain  way,  we  never  can  make 
towards  its  entire  solution.  The  whole  subject, 
the  different  doctrines  held  upon  it,  will  be  treated  at 
in  the  Appendix,  where  it  will  be  contended  that  thfc 
enlarged  views  lead  to  tlje  conclusion  oi  ra^oxv^  o^- 
bb  smda  probationary  state. 
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it  suit  with  this  hypothesis  which  suit  no  other.  It  k 
not  a  state  of  unmixed  happiness,  or  of  happiness  simply; 
it  is  not  a  state  of  designed  misery,  or  of  misery  simply: 
it  is  not  a  state  of  retribution  ;  it  is  not  a  state  of  punitfi- 
ment.  It  suits  with  none  of  these  suppositions.  It  SB- 
cords  much  better  with  the  idea  of  its  being  a  conditka 
calculated  for  the  production,  exercise,  and  improvement 
of  moral  Qualities,  with  a  view  to  a  future  state,  in  whfci 
these  qualities,  after  being  so  produced,  exercised,  ad 
improved,  may,  by  a  new  and  more  favourable  constrav 
tion  of  things,  receive  their  reward,  or  become  thai 
own.  If  it  be  said,  that  this  is  to  enter  upon  a  religita 
rather  than  a  philosophical  consideration,  I  answer,  tU 
the  name  of  Religion  ought  to  form  no  objection  if  i 
shall  turn  out  to  be  the  case  that  the  more  religious  m 
views  are  the  more  probability  they  contain.  The  4» 
gree  of  beneficence,  of  benevolent  intention,  and  d 
power,  exercised  in  the  construction  of  sensitive  beaut 
goes  strongly  in  favour,  not  only  of  a  creative,  but  of  i 
continuing  care,  that  is,  of  a  ruling  Providence.  Hi 
degree  of  chance  which  appears  to  prevail  in  the  wcdl 
requires  to  be  reconciled  with  this  hypothesis.  Nov  ft1 
is  one  thing  to  maintain  the  doctrine  of  Providence  aksy 
with  that  of  a  future  state,  and  another  thing  without  £ 
In  my  opinion,  the  two  doctrines  must  stand  or  mil  to1 
gether.  For  although  more  of  this  apparent  chance  nff 
perhaps,  upon  other  principles,  be  accounted  for  than! 
.generally  supposed,  yet  a  future  state  alone  rectifies  si 
disorders :  and  if  it  can  be  shown  that  the  appearance  d 
disorder  is  consistent  with  the  uses  of  life  as  a  prepare 
tory  state,  or  that  in  some  respects  it  promotes  than 
uses,  then,  so  far  as  this  hypothesis  may  be  accepted, tkl 
ground  of  the  difficulty  is  done  away. 

In  the  wide  scale  of  human  condition  there  is  not) 

perhaps,  one  of  its  manifold  diversities  which  does  Ml 

hf»ar  upon  the  design  here  suggested.    Virtue  is  infinits^ 

ious.     There  is  no  situation  in  which  a  rational  bekj 

aced,  from  that  of  the  best-instructed  Christian  cbn 

le  condition  of  the  rudest  barbarian,  which  wBak 

x>m  for  moral  agency, — for  t\&  a&og^^^«sJMBJi 
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and  display  of  voluntary  qualities,  good  and  bad.    Health 
and  sickness,  enjoyment  and  suffering,  riches  and  poverty, 
knowledge  and  ignorance,  power  and  subjection,  liberty 
and  bondage,  civilization  and  barbarity,  have  all  their 
offices  and  duties,  all  serve  for  the  formation  of  character : 
for  when  we  speak  of  a  state  of  trial,  it  must  be  remem- 
bered that  characters  are  not  only  tried,  or  proved,  or 
detected,  but  that  they  are  generated  also  and  formed  by 
circumstances.     The  best  dispositions  may  subsist  under 
the    most  depressed,   the  most   afflicted   fortunes.     A 
West  Indian  slave,  who,  amidst  his  wrongs,  retains  his 
benevolence,  I,  for  my  part,  look  upon  as  amongst  the 
foremost  of  human  candidates  for  the  rewards  of  virtue. 
The  kind  master  of  such  a  slave,  that  is,  he  who,  in  the 
exercise  of  an  inordinate  authority,  postpones  in  any  de- 
gree his  own  interest  to  his  -  slave's  comfort,  is  likewise  a 
meritorious  character,  but  still  he  is  inferior  to  his  slave. 
All,  however,  which  I  contend  for  is,  that  these  destinies, 
apposite  as  they  may  be  in  every  other  view,  are  both 
tnals,  and  equally  such.    The  observation  may  be  applied 
to  every  other  condition,  to  the  whole  range  of  the  scale, 
not  excepting  even  its  lowest  extremity.   Savages  appear 
"to  us  all  alike ;  but  it  is  owing  to  the  distance  at  which 
"^re  view  savage  life,  that  we  perceive  in  it  no  discrimina- 
tion of  character.     I  make  no  doubt  but  that  moral  qua* 
Sties,  both  good  and  bad,  arc  called  into  action  as  much, 
mtkd  that  they  subsist  in  as  great  variety  in  these  inarti- 
^cial  societies,  as  they  are  or  do  in  polished  life.    Certain 
4t  least  it  is,  that  the  good  and  ill  treatment  which  each 
individual  meets  with  depends  more  upon  the  choice  and 
Voluntary  conduct  of  those  about  him  than  it  does  or 
Ought  to  do  under  regular  civil  institutions  and  the  coer- 
cion of  public  laws.     So  again,  to  turn  our  eyes  to  the 
other  end  of  the  scale,  namely,  that  part  of  it  which  is 
^^ccupied  by  mankind  enjoying  the  benefits  of  learning, 
..together  with  the  lights  of  revelation ;  there  also  the  ad- 
^antage  is  all  along  probationary.     Christianity  itself,  I 
the  revelation  of  Christianity,  is  not  only  a  blessing, 
nt  a  trial.     It  is  one  of  the  diversified  meaxvs  \yy  viVftsi. 
be  character  if  exercised;  and  they  \?Yvo  rec\y\\TG  <& 
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Christianity  that  the  revelation  of  it  should  be  universal, 
may  possibly  be  found  to  require  that  one  species  of  pro- 
bation should  be  adopted,  if  not  to  the  exclusion  cf 
others,  at  least  to  the  narrowing  of  that  variety  which  tat 
wisdom  of  the  Deity  hath  appointed  to  thai  part  of  av 
moral  ceconomy.* 

Now  if  this  supposition  be  well  founded,  that  is,  if  it 
be  true  that  our  ultimate  or  our  most  permanent  happi- 
ness will  depend,  not  upon  the  temporary  condition  naa 
which  we  are  cast,  but  upon  our  behaviour  in  it,  then  a 
it  a  much  more  fit  subject  of  cJiance  than  we  usaaBr 
allow  or  apprehend  it  to  be,  in  what  manner  the  variety 
of  external  circumstances  which  subsist  in  the  haaaa 
world  is  distributed  amongst  the  individuals  of  nai 
species.  "  This  life  being  a  state  of  probation,  k  ii  ia> 
material,"  says  Rousseau,  "  what  kind  of  trials  we  ops- 
rience  in  it,  provided  they  produce  their  effects."  Of 
two  agents  who  stand  indifferent  to  the  moral  Govern* 
of  the  universe,  one  may  be  exercised  by  riches,  tat 
other  by  poverty.  The  treatment  of  these  two  atal 
appear  to  be  very  opposite,  whilst  in  truth  it  is  the  mat; 
for  though,  in  many  respects,  there  be  great  disparity 
between  the  conditions  assigned,  in  one  main  artaw 
there  may  be  none,  viz.  in  that  they  are  alike  trials,  am 
both  their  duties  and  temptations  not  less  arduous  or  las 
dangerous  in  one  case  than  the  other :  so  that  if  the  Baa* 
award  follow  the  character,  the  original  distribution  sf 
the  circumstances  under  which  that  character  is  fomW 
may  be  defended  upon  principles  not  only  of  justice,  bat 
of  equality.     What  hinders,  therefore,  but  that  nuukiai 

*  The  reader  will  observe  that  I  speak  of  the  revehaf 
of  Christianity  as  distinct  from  Christianity  itself.  The  da* 
pensation  may  already  be  universal.  That  part  of  maakial 
which  never  heard  of  Christ's  name,  may  neverthele»  to 
redeemed,  that  is,  be  placed  in  a  better  condition,  with  » 
spect  to  their  future  state,  by  his  intervention, — may  be  a* 
objects  of  his  benignity  and  intercession,  as  well  as  of  **• 
propitiatory  virtue  of  his  passion.  But  this  is  not u  xtftBfll 
theology"  therefore  I  will  not  dwell  longer  upon  it— &* 
of  the  Author. 
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draw  lote  for  their  condition  ?  They  take  thei 
portion  of  faculties  and  opportunities,  as  any  unknowi 
ante,  or  concourse  of  causes,  or  as  causes  acting  fox 
other  purposes,  may  happen  to  set  them  out ;  but  the 
event  is  governed  by  that  which  depends  upon  them- 
selves, the  application  of  what  they  have  received.  In 
dividing  the  talents,  no  rule  was  observed, — none  was 
accessary ;  in  rewarding  the  use  of  them,  that  of  the 
jasost  correct  justice.  The  chief  difference  at  last  appears 
to  be,  that  the  right  use  of  more  talents,  i.  e.  of  a  greater 
trust,  will  be  more  highly  rewarded  than  the  right  use  of 
Sewer  talents,  t.  e.  of  a  less  trust.  And  since  for  other 
purposes  it  is  expedient  that  there  be  an  inequality  of 
eoncredited  talents  here,  as  well  probably  as  an  inequality 
of  conditions  hereafter,  though  all  remuneratory, — can 
any  rule  adapted  to  that  inequality  be  more  agreeable, 
even  to  our  apprehensions  of  distributive  justice,  than 
tins  is? 

We  have  said  that  the  appearance  of  casualty  which 
attends  the  occurrences  and  events  of  life  not  only  does 
not  interfere  with  its  uses,  as  a  state  of  probation,  but 
bat  it  promotes  these  uses. 

Passive  virtues,  of  all  others  the  severest  and  the  most 

iblime, — of  all  others,  perhaps,  the  most  acceptable  to 

le   Deity, — would,  it  is  evident,  be  excluded  from  a 

institution  in  which  happiness  and  misery  regularly  fol- 

wed  virtue  and  vice.    Patience  and  composure  under 

»tress,  affliction,  and  pain ;  a  steadfast  keeping  up  of 

"  confidence  in  God,  and  of  our  reliance  upon  his  final 

tdness,  at  the  time  when  everything  present  is  adverse 

discouraging ;  and  (what  is  no  less  difficult  to  retain) 

>rdial  desire  for  the  happiness  of  others,  even  when 

are  deprived  of  our  own ;  these  dispositions,  which 

titute,  perhaps,  the  perfection  of  our  moral  nature, 

d  not  have  found  their  proper  office  and  object  in  a 

of  avowed  retribution,  ana  in  which,  consequently, 

*ance  of  evil  would  be  only  submission  to  punish- 

tin,  one  man's  sufferings  may  be  another  mvoL* 
The  family  of  a  sick  parent  is  a  school  tf  ^&v& 
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piety.  The  charities  of  domestic  life,  and  not  only  these, 
but  all  the  social  virtues,  are  called  out  by  distress.  Bat 
then  misery,  to  be  the  proper  object  of  mitigation,  or  of 
that  benevolence  which  endeavours  to  relieve,  must  be 
really  or  apparently  casual.  It  is  upon  such  Miflerings 
alone  that  benevolence  can  operate.  For  were  there  no 
evils  in  the  world  but  what  were  punishments,  properly 
and  intelligibly  such,  benevolence  would  only  stand  in 
the  way  of  justice.  Such  evils,  consistently  with  the 
administration  of  moral  government,  could  not  be  pre* 
vented  or  alleviated,  that  is  to  say,  could  not  be  remitted 
in  whole  or  in  part,  except  by  the  authority  which  in- 
flicted them,  or  by  an  appellate  or  superior  authority. 
This  consideration,  which  is  founded  in  our  most  acknow- 
ledged apprehensions  of  the  nature  of  penal  justice,  may 
possess  its  weight  in  the  Divine  counsels.  Virtue,  per* 
haps,  is  the  greatest  of  all  ends.  In  human  beings,  rela- 
tive virtues  form  a  large  part  of  the  whole.  Now  relative 
virtue  presupposes,  not  only  the  existence  of  evil — with- 
out which  it  could  have  no  object,  no  material  to  work 
upon — but  that  evils  be  apparently,  at  least,  misforhma, 
that  is,  the  effects  of  apparent  chance.  It  may  be  ia 
pursuance,  therefore,  and  in  furtherance  of  the  same 
scheme  of  probation,  that  the  evils  of  life  are  made  so  to 
present  themselves. 

I  have  already  observed  that  when  we  let  in  religion 
considerations,  we  often  let  in  light  upon  the  difficulties 
of  nature.  So  in  the  fact  now  to  be  accounted  for ;  the 
degree  of  happiness  which  we  usually  enjoy  in  this  life 
may  be  better  suited  to  a  state  of  trial  and  probation  thta 
a  greater  degree  would  be.  The  truth  is,  we  are  rather 
too  much  delighted  with  the  world  than  too  little.  In- 
perfect,  broken,  and  precarious  as  our  pleasures  are,  ther 
are  more  than  sufficient  to  attach  us  to  the  eager  pursuit 
of  them.  A  regard  to  a  future  state  can  hardly  keep  its 
place  as  it  is.  If  we  were  designed,  therefore,  to  be 
influenced  by  that  regard,  might  not  a  more  indulgent 
system,  a  higher  or  more  uninterrupted  state  of  gratifica- 
tion, have  interfered  with  the  design  ?  At  least  it  sees* 
expedient  that  mankind  should  be  susceptible  of  this  is- 
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when  presented  to  them,  that  the  condition  of 
Id  should  not  be  such  as  to  exclude  its  operation, 
to  weaken  it  more  than  it  does.  In  a  religious 
owever  we  may  complain  of  them  in  every  other), 
n,  disappointment,  and  satiety,  are  not  without 
*  salutary  tendencies. 
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CHAPTER  XXVDL 

CONCLUSION. 

Ik  all  cases  wherein  the  mind  feels  itself  in  dinger  < 
being  confounded  by  variety,  it  is  sure  to  rest  up<*' 
few  strong  points,  or  perhaps  upon  a  single  insta 
Amongst  a  multitude  of  proofs,  it  is  one  that  does 
business.     If  wo  observe  in  any  argument  that  hffl 
two  minds  fix  upon  the  same  instance,  the  diventyl 
choice  shows  the  strength  of  the  argument,  becaua 
shows  the  number  and  competition  of  the  exiaf' 
There  is  no  subject  in  which  the  tendency  to  dwell  l 
select  or  single  topics  is  so  usual — because  there  » 
subject  of  which,  in  its  full  extent,  the  latitude  fci 
great— as  that  of  natural  history  applied  to  the 
an  intelligent  Creator.     For  my  part,  I  take  my  s 
in  human  anatomy ;  and  the  examples  of  mechani*' 
should  be  apt  to  draw  out  from  the  copious  catak  ' 
which  it  supplies,  are  the  pivot  upon  which  the  1 
turns,  the  ligaments  within  the  socket  of  the  hif  '" 
the  pulley  or  trochlear  muscles  of  the  eye,  the  epij 
the  bandages  which  tie  down  the  tendons  of  the 
and  instep,  the  slit  or  perforated  muscles  at  the 
and  feet,  the  knitting  of  the  intestines  to  the 
the  course  of  the  chyle  into  the  blood,  and  the 

tion  of  the  sexes  as  extended  throughout  the  \ . 

the  animal   creation.     To  these  instances  the  refW 
memory  will  go  back,  as  they  are  severally  set  forth  *■' 
their  places :  there  is  not  one  of  the  number  which  If™ 
not  think  decisive ;  not  one  which  is  not  strictly 
nical :  nor  have  I  read  or  heard  of  any  solution  of      . 
appearances  which  in  the  smallest  degree  shakei  M 
conclusion  that  we  build  \upon  \\&m. 
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t  of  the  greatest  part  of  those  who,  either  in  this 
or  any  other,  read  arguments  to  prove  the  existence 
5od,  it  will  be  said  that  they  leave  off  only  where 
began ;  that  they  were  never  ignorant  of  this  great 
,  never  doubted  of  it ;  that  it  does  not  therefore 
ir  what  is  gained  by  researches  from  which  no  new 
>n  is  learned,  and  upon  the  subject  of  which  no 
s  were  wanted.  Now,  I  answer  that  by  investiga- 
te following  points  are  always  gained  in  favour  of 
ines  even  the  most  generally  acknowledged  (sup- 
g  them  to  be  true),  viz.  stability  and  impression, 
sions  will  arise  to  try  the  firmness  of  our  most  habi- 
>pinions.  And  upon  these  occasions  it  is  a  matter 
calculable  use  to  feel  our  foundation,  and  find  a  sup- 
in  argument  for  what  we  had  taken  up  upon  autho* 
In  the  present  case  the  arguments  upon  which  the 
usion  rests  are  exactly  such  as  a  truth  of  universal 
;rn  ought  to  rest  upon.  "  They  are  sufficiently  open 
3  views  and  capacities  of  the  unlearned,  at  the  same 
that  they  acquire  new  strength  and  lustre  from  the 
series  of  the  learned."  If  they  had  been  altogether 
use  and  recondite,  they  would  not  have  found  their 
to  the  understandings  of  the  mass  of  mankind ;  if 
had  been  merely  popular,  they  might  have  wanted 

it,  secondly,  what  is  gained  by  research  in  the  sta- 
'  of  our  conclusion  is  also  gained  from  it  in  impres- 
9    Physicians  tell  us  that  there  is  a  great  deal  of 

We  have  adverted  in  a  former  note  (Chap,  xxv.)  to  the 
ited  silence  of  Laplace  upon  the  inferences  to  which  his 
important  researches  so  naturally  lead.    An  objection 
kind  in  some  respects  similar,  but  in  others  materially 
ent,  has  often  been  urged  against  another  class  of 
rs, — the  historians  who  record,  without  observation, 
s  in  which  pious  men  are  prone  to  trace  the  interposition 
ovidence.    This  charge  was  brought,  upon  one  remark- 
occasion,  against  the  narrative  of  a  celebrated  voyage 
soovery ;  and  the  author,  Dr.  Tlawkesworth,  defended, 
ilf  in  an  elaborate  and  ingenious  manner.    W&  wx^sd 
either  the  event  (the  ceasing  of  the  wind  at  a  cctasal 
;.  in,  ic 
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difference  between  taking  a  medicine  and  i 
getting  into  the  constitution,  a  difference 
which  obtains  with  respect  to  those  great  m< 
tions  which  ought  to  form  the  directing  ] 
human  conduct.  It  is  one  thing  to  assent  t 
tion  of  this  sort ;  another,  and  a  very  differ* 
have  properly  imbibed  its  influence.  I  tak 
be  this  :  perhaps  almost  every  man  living  ha 
train  of  thought,  into  which  his  mind  gli< 
when  at  leisure  from  the  impressions  and  ide 
sionally  excite  it ;  perhaps  also  the  train  of  i 
spoken  of,  more  than  any  other  thing,  de 
character.  It  is  of  the  utmost  consequenc 
that  this  property  of  our  constitution  be  we 

moment,  by  which  Captain  Cook's  ship,  after 
on  a  coral  rock,  was  saved,  contrary  to  all  exp 
pened  in  the  ordinary  course  of  nature,  and  t 
more  to  be  called  providential  than  the  risii 
upon  any  given  day ;  or  it  was  produced  by  an 
interposition,  and  then  the  same  power  might 
this  unnecessary,  by  preventing  the  ship  1 
(Voyages,  vol.  i.  p.  21,  second  edition.)    But 
proceeds  upon  an  entire  misapprehension  of 
No  one  denies  that  the  good  and  the  evil  c 
same  Almighty  hand ;  but  resting  in  the  bel 
Dr.  Hawkesworth  himself  in  explicit  terms,  1 
preme  Being  is  equally  wise  and  benevolent  ii 
tion  of  both  evil  and  pood  as  means  of  eff< 
purposes  worthy  of  his  ineffable  perfections  " 
may,  with  the  most  absolute  consistency,  ex\ 
ness  for  the  one  and  resigned  submission  to 
pensation  ;  and  it  is  a  wholesome  habit  of  thi: 
according  with  our  duty  to  that  awful  and  bee 
as  well  as  conducive  to  our  own  mental  ii 
make  our  gratitude  for  his  bounties  keep  pac 
signation  to  his  will.     Those,  therefore,  who 
pass  by  an  occasion  of  marking  the  proofs  o 
and  intelligence  where  it  naturally  present 
themselves  to  blame  ;  and  those  who,  as  it  v 
their  way  to  avoid  marking  instances  of  his  be 
censurable.    Both  classes  neglect  a  fit  oppo 
mating  human  improvement. 
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tit  or  continued  meditation  upon  a 

subject  in  different  points  of  view,  . 

iculars,  by  variety  of  examples,  by 

to   the  solution  of  phenomena,  by 

and  consequences,  that  mental  ex-  ,  ■ 

any  particular  channel.     It  is  by  #i  .    ■„■ 

that  we  have  any  power  over  it.  *       . 

ous  thought,  and  the  choice  of  that  .       ■ 

1  to  different  ends,  and  may  appear 
judiciously  fixed,  according  to  the 
f  which  we  consider  it;  but,  in  a  .; 

t,  I  believe,  be  contradicted  when  I 
)f  thinking  be  more  desirable  than 
L'h  regards  the  phenomena  of  nature  ".'    >. 

ice  to  a  supreme,  intelligent  Author.  ; 

le  ruling,  the  habitual  sentiment  of  .   »  .    ' 

laid  the  foundation  of  everything  ■      ' . 

The  world  thenceforth  becomes  a.  :  ' 

If  one  continued  act  of  adoration.  t  » 

j  than  this  ;  that,  whereas  formerly 
>ur  thoughts,  we  can  now  scarcely 
without  perceiving  its  relation  to  \ 

id  natural  body,  in  the  provisions 
•  its  sustentation  and  propagation,  ... 

le   part  of  the  Creator  expressly  ;i 

rposes.     We  are  on  all  sides  sur-  .  ;. 

es ;  examined  in  their  parts,  won- 
(i  pared  with  one  another,  no  less 
I.  So  that  the  mind,  as  well  as  the 
itiate  in  variety  and  multitude,  o* 
investigation  of  particular  division*  ■  * ; 

in  either  case  it  will  rise  up  from 
sed  by  the  subject,  in  a  very  dif- 
ith  a  very  different  degree  of  influ-  i  , '  ■ 

re  assent  to  aiy  verbal  proposition 
1  concerniuur   the  existence  of  the  i 

icrely  com^vmg  assent  with  which  .r. 

isfied,  and  with  which  we  are  too  ,  f 

es,  will  or  can  produce  w.^raw.  >fo»  \  V  v\ 

jcially  may  this  dvffeteivcfc  ^  ^«*- 
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ceived  in  the  degree  of  admiration  and  of  awe  with  w 
the  Divinity  is  regarded  when  represented  to  the  un 
standing  by  its  own  remarks,  its  own  reflections,  am 
own  reasonings,  compared  with  what  is  excited  by 
language  that  can  be  used  by  others.  The  work: 
nature  want  only  to  be  contemplated.  When  corn 
plated,  they  have  everything  in  them  which  can  asto 
by  their  greatness ;  for,  of  the  vast  scale  of  open 
through  which  our  discoveries  carry  us,  at  one  end 
see  an  intelligent  Power  arranging  planetary  systi 
fixing,  for  instance,  the  trajectory  of  Saturn,  or 
structing  a  ring  of  two  hundred  thousand  miles'  diam< 
to  surround  his  body,  and  be  suspended  like  a  magnifi 
arch  over  the  heads  of  his  inhabitants ;  and  at  the  o 
bending  a  hooked  tooth,  concerting  and  providing 
appropriate  mechanism  for  the  clasping  and  reclaspin 
the  filaments  of  the  feather  of  the  Humming-bird, 
have  proof,  not  only  of  both  these  works  proceeding  f 
an  intelligent  agent,  but  of  their  proceeding  from 
same  agent ;  for,  in  the  first  place,  we  can  trace  an  i< 
tity  of  plan,  a  connexion  of  system,  from  Saturn  to 
own  globe ;  and  when  arrived  upon  our  globe,  we  < 
in  the  second  place,  pursue  the  connexion  through 
the  organised,  especially  the  animated,  bodies  whic 
supports.  We  can  observe  marks  of  a  common  relat 
as  well  to  one  another  as  to  the  elements  of  which  t 
habitation  is  composed.  Therefore,  one  mind  1 
planned,  or  at  least  hath  prescribed  a  general  plan 
all  these  productions.  One  Being  has  been  concei 
in  all. 

Under  this  stupendous  Being  we  live.  Our  1 
piness,  our  existence,  is  in  his  hands.  All  we  ex] 
must  come  from  him.  Nor  ought  we  to  feel  our  si 
tion  insecure.  In  every  nature,  and  in  every  portio 
nature,  which  we  can  descry,  we  find  attention  besto 
upon  even  the  minutest  parts.  The  hinges  in  the  w: 
of  an  earwig,  and  the  joints  of  its  antennae,  are  as  big 
wrought  as  if  the  Creator  had  had  nothing  else  to  no 
We  see  no  signs  of  diminution  of  care  by  multiplicit; 
objects,  or  of  distraction  oA'  thought  by  variety. 
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j  no  reason  to  fear,  therefore,  our  being  forgotten.  Of 
looked,  or  neglected.80 

he  existence  and  character  of  the  Deity  is,  in  every 
r,  the  most  interesting  of  all  human  speculations.  In 
5,  however,  is  it  more  so,  than  as  it  facilitates  the 
if  of  the  fundamental  articles  of  Revelation.  It  is  a 
to  have  it  proved,  that  there  must  be  something  in 
world  more  than  what  we  see.  It  is  a  farther  step 
now  that,  amongst  the  invisible  things  of  nature, 
3  must  be  an  intelligent  mind,  concerned  in  its  pro- 
ion,  order,  and  support.  These  points  being  assured 
s  by  Natural  Theology,  we  may  well  leave  to  Re- 
tion  the  disclosure  of  many  particulars,  which  our 
irchcs  cannot  reach,  respecting  either  the  nature  of 
Being  as  the  original  cause  of  all  things,  or  his  cha- 
ir and  designs  as  a  moral  governor ;  and  not  only  so, 
the  more  full  confirmation  of  other  particulars,  of 
:h,  though  they  do  not  lie  altogether  beyond  our 
mings  and  our  probabilities,  the  certainty  is  by  no 
is  equal  to  the  importance.  The  true  theist  will  be 
first  to  listen  to  any  credible  communication  of 
ne  knowledge.  Nothing  which  he  has  learnt  from 
iral  Theology  will  diminish  his  desire  of  further  in- 
rtion,  or  his  disposition  to  receive  it  with  humility 
thankfulness.  He  wishes  for  light :  he  rejoices  in 
;..  His  inward  veneration  of  this  great  Being  will 
tie  him  to  attend  with  the  utmost  seriousness,  not 

There  is  assuredly  nothing  that  more  tends  to  absorb 
?hole  faculties  in  devout  admiration  than  the  contera- 
>n  of  that  universal  power  and  pervading  skill  which 
;re  remarked  by  the  author.  The  same  Being  that 
oned  the  insect  whose  existence  is  only  discerned  by  a 
)scope,  and  gave  that  invisible  speck  a  system  of  ducts 
>ther  organs  to  perform  its  vital  functions,  created  the 
nous  mass  of  the  planet  thirteen  hundred  times  larger 
our  earth,  and  launched  it  in  its  course  round  the  sun, 
i  the  comet,  wheeling  with  a  velocity  that  would  carry 
ind  our  globe  in  less  than  two  minutes  of  time,  and  yet 
ring  through  so  prodigious  a  space  that  \t  t&Ve&  tuskc 
mtories  to  encircle  the  son! 
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only  to  all  that  can  be  discovered  concerning 
searches  into  nature,  but  to  all  that  is  taught 
tion  which  gives  reasonable  proof  of  bavin; 
from  him. 

But,  above  every  other  article  of  reveal 

does  the  anterior  belief  of  a  Deity  bear  with  1 

force  upon  that  grand  point,  which  gives  ind 

and  importance  to  all  the  rest, — the  resurre 

human  dead.     The  thing  might  appear  hop* 

not  see  a  power  at  work  adequate  to  the  effi 

under  the  guidance  of  an  intelligent  will,  a 

penetrating  the  inmost  recesses  of  all  substi 

far  from  justifying  the  opinion  of  those  who 

a  thing  incredible  that  God  should  raise  the 

I  admit  that  it  is  first  necessary  to  be  pei 

there  is  a  God  to  do  so.     This  being  thoroi 

in  our  minds,  there  seems  to  be  nothing  in 

(concealed  as  we  confess  it  to  be)  which  ne 

our  belief.     They  who  have  taken  up  the 

the  acts  of  the  human  mind  depend  upon  < 

that  the  mind  itself  indeed  consists  in  orgs 

supposed  to  find  a  greater  difficulty  than 

admitting  a  transition  by  death  to  a  new  stat 

existence,  because  the  old  organisation  is  ap 

solved.     But  I  do  not  see  that  any  impracti* 

be  apprehended  even  by  these  ;  or  that  the  < 

upon  their  hypothesis,  is  far  removed  from  tl 

some  other  operations  which  we  know  with  < 

the  Deity  is  carrying  on.     In  the  ordinary 

plants  and  animals  from  one  another,  a  parti 

cases,  minuter  than  all  assignable,  all  concei 

sion, — an  aura,  an   effluvium,  an  infinitesi 

mines  the  organisation  of  a  future  body : 

than  fix,  whether  that  which  is  about  to 

shall  be  a  vegetable,  a  merely  sentient,  < 

being ;  an  oak,  a  frog,  or  a  philosopher ;  mi 

differences ;  gives  to  the  future  body  its  c 

nature,  and  species.      And  this   particle, 

springs,  and  by  which  is  determined,  a 

nature,  iteeJf  proceeds  from,  and  o^s%  \*&  qc 
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prior  body:  nevertheless,  which  is  seen  in  plants  most 
ecisively,  the  incepted  organisation,   though    formed 
rithin,  and  through,  and  by,  a  preceding  organisation, 
j  not  corrupted  by  its  corruption,  or  destroyed  by  its 
^solution :  but,  on  the  contrary,  is  sometimes  extricated 
md  developed  by  those  yery  causes ;  survives  and  comes 
nto  action,  when  the  purpose  for  which  it  was  prepared 
equires  its  use.     Now  an  economy  which  nature  has 
idopted,  when  the  purpose  was  to  transfer  an  organisa- 
tion from  one  individual  to  another,  may  have  something 
inalogous  to  it  when  the  purpose  is  to  transmit  an  or- 
ganisation from  one  state  of  being  to  another  state :  and 
hey  who  found  thought  in  organisation  may  see  some- 
hing  in  this  analogy  applicable  to  their  difficulties ;  for 
rhatever  can  transmit  a  similarity  of  organisation  will 
nswer  their  purpose,  because,  according  even  to  their 
iwn  theory,  it  may  be  the  vehicle  of  consciousness,  and 
tecause  consciousness  carries  identity  and  individuality 
long  with  it  through  all  changes  of  form  or  of  visible 
ualities.    In  the  most  general  case,  that,  as  we  have 
lid,  of  the  derivation  of  plants  and  animals  from  one 
\other,  the  latent  organisation  is  either  itself  similar  to 
8  old  organisation,  or  has  the  power  of  communicating 
new  matter  the  old  organic  form.     But  it  is  not  re- 
icted  to  this  rule.    There  are  other  cases,  especially 
he  progress  of  insect  life,  in  which  the  dormant  or- 
isation  does  not  much  resemble  that  which  encloses 
nd  still  less  suits  with  the  situation  in  which  the  en- 
ng  body  is  placed,  but  suits  with  a  different  situation 
hich  it  is  destined.     In  the  larva  of  the  libellula, 
h  lives  constantly,  and  has  still  long  to  live  under 
',  are  descried  the  wings  of  a  fly,  which  two  years 
-ards  is  to  mount  into  the  air.     Is  there  nothing  in 
lalogy  ?    It  serves  at  least  to  show,  that,  even  in 
servable  course  of  nature,  organisations  are  formed 
neath  another ;  and,  amongst  a  thousand  other  in- 
,  it  shows  completely  that  the  Deity  can  mould 
rion  the  parts  ot  material  nature,  so  as  to  fulfil  any 
whatever  which  he  is  pleased  to  apnouit. 
who  refer  the  operations  of  mind  to  a  ttutastaBK* 
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totally  and  essentially  differ    ,   from 

tainly   these   operations,   though   affected    by   maleriil 
causes,  hold  very  little  affinity  to  any  properties  of  matter 
with  which  we  are  acnttiated),  adopt  perhaps  a  jaw 
reasoning  and  a  better  philoaophy  :  and  by  these  the  «r 
akteratiooa  above  suggested  are  not  wanted,  at  least 
the  Mime  degree.     Kit  to  Rich  as  find,  which  some  pa- 
ions  do  find,  an  inmpomble  difficulty  in  shaking  ott a 
adherence  to  thoae  analogies,  which  the  corporeal  nurH   "*= 
it  continually  suggesting  to  their  thoughts;  to  such,! 
My,  every  ccnaklentMn  will  be  a  relief,  which  manifei 
the  extent  of  that  intell' 
nature ,  the  fniitfiilneas  n 

aptness,  and  succesi  of  it*  means ,  most  especially  m  . 
consideration  which  tec-da  to  show  that,  in  die  translatim 
of  a  conscious  existence,  there  is  not,  even  in  their 
way  of  regarding  it,  any  thwig  greatly  beyond,  or  to_, 
unfile,  what  take*  pUoe  in  such  parts  (probably  snail 
parts)  of  the  order  of  r* ' — 


Again  :  if  there  be  tfc«  ■■■  who  think  that  the  < 
tractedness  and  debility  of  the  human  faculties  in 
present  state  seem  ill  to  Kconl  with  the  high  destiiuM 
which  the  expectations  of  religion  point  out  to 
would  only  ask  them,  whether  any  one  who  saw 
two  hours  after  its  birth  could  suppose  that  it  would  cut 
come  to  understand  JltaUms  ,-*  or  who  then  shall  eiy, 
what  further  amplification  of  intellectual  jiowers,  whit 
accession  of  knowledge,  what  advance  and  improvement, 
the  rational  faculty,  be  itB  con=titution  what  it  will,  may 
not  admit  of  when  placed  amidst  new  objects,  iiml  en- 
dowed with  a  eensonum  adapted,  .is  it  iifuk>iLb:,.lly  wii! 
be,  and  as  our  present  senses  are,  to  the  perception  of 
those  substances  and  of  those  properties  oi"  tilings  with 
which  our  concern  may  lie. 

Upon  the  whole:  m  every  thing-  which  respect! 
awful,  but,  as  we  trust,  g-lorfous  change,  wo  have  « 
and  powerful  Being  (the  author,  iu  nature,  of  iana 

*  See  Setreh't  Ugnt  ot  TStom,  -passi m. 
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expedients  for  infinitely  various  ends),  upon 
3  rely  for  the  choice  and  appointment  of  mean* 
!  to  the  execution  of  any  plan  which  his  goodness 
istice  may  have  formed  for  the  moral  and  ac- 
e  part  of  his  terrestrial  creation.  That  great 
ts  with  him :  be  it  ours  to  hope  and  to  prepare, 
firm  and  settled  persuasion,  that  living  and 
)  are  his ;  that  life  is  passed  in  his  constant  pre- 
at  death  resigns  us  to  his  merciful  disposal. 
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NATURAL  THEOLOGY. 


MECHANISM  07  TBS  FRAME. 

>eacon  Palsy  has,  in  two  introductory  chapters 

his  Natural  Theology,  given  us  the  advantage  of  sim- 

but  forcible  language,  with  extreme  ingenuity,  in 

ition.     But  for  his  example,  we  should  have  felt 

hesitation  in  making  so  close  a  comparison  between 

jn,  as  exhibited  by  the  Creator  in  the  animal  struc- 

»,  and  the  mere  mechanism,  the  operose  and  imperfect 

itrivances  of  human  art 

Certainly  there  may  be  a  comparison ;  for  a  superficial 

rapid  survey  of  the  animal  body  may  convey  the 

>n  of  an  apparatus  of  levers,  pulleys,  and  ropes, 

;h  may  be  compared  with  the  spring,  barrel,  and 

>,  the  wheels  and  pinions,  of  a  watch.     But  if  we 

the  texture  of  animal  bodies  more  curiously,  and 

lly  if  we  compare  animals  with  each  other — for 

iple,  the  simple  structure  of  the  lower  creatures  with 

complicated  structure  of  those  higher  in  the  scale  of 

-we  shall  see  that,  in  the  lowest  links  of  the 

i,  animals  are  so  simple,  that  we  should  almost  call 

homogeneous ;  and  yet  in  these  we  find  life,  sensi- 

r,  and  motion.     It  is  in  the  animals  higher  in  the 

le  that  we  discover  parts  haying  distinct  endowments, 

'  exhibiting  complex  mechanical  relations.    The  me- 

il  contrivances  which  are  so  obvious  in  man,  for 

~, 6,  are  the  provisions  for  the  agency  and  dom\sassa 

yinatai  imeUectwl  power  over  the  material  wo\uv&  Y&&* 


NATURAL  THEOLOGY. 

mork  this  early,  because  there  ire  f 
r  upon  this  complexity  of  mechaniatu, 
he  presence  of  life  itself,  and  think  it  i 
i — nay,  even  that  life  proceeds  fro*  it;  I 
cchanism  which  we  have  to  examine  in  the  i 
is  funned  with  reference  to  the  necessity  of  k 
,  or  receiving  impressions  from,  things  eitemlfl 
lody,  n  necessary  condition  of  our  state  of  p 
material  world. 

fany  have  expressed  their  opinion  very  boldly  a 
:ssary  relation  between  organisation   and  life,  I 
e  never  extended  their  views  to  the  system  of  m' 
place  man,  an  intelligent  and  active  being,  in 
rid  of  matter,  ho  must  have  properties  bearing  rd 
that  matter.     The   existence   of  matter   implies  ■« 
ency  of  certain  forces ;  the  particles  of  bodies  ■" 
ffer  attraction  and  repulsion,  and  the  bodies  formed  . 
le  balance  of  these  influences  upon  their  atoms  or  pi 
cles  must  have  weight  or  gravity,  and  possess  | — 
,ical  pro[>ertics.    So  must  the  living  body,  indepen 
if  its  peculiar  endowments,  have  similar  composition  ■ 
qualities,  and  have  certain  relations  to  the  solids,  Mfl 
gases,  heat,  light,  electricity,  or  galvanism,  which  ■ 
around   it.     \\  ithout  these,   the    intellectual    priir'J 
could  receive  no  impulse — could  have  no  agency  «._ 
relation  to  the  material  world.     The  rvhole  bodyti 
gravitate  or  have  weight,  without  which  it  could  mid 
stand  securely  nor  exert  its  powers  on  the  bodies  arM 
it.     Dut  tor  this,  muscular  power  itself,  and  all  the  in 
ances  which  are  related  to  that  power,  woold  he  useW 
When,  therefore,  it  is  affirmed  that  organisation  or  « 
struction  is  necessary  to  life,  we  may  at  least  pause  h 
giving  assent,  under  the  certainty  that  we  see  another 
and  a  dirlerout  reason  for  the  construction  of  the  body. 
"■"•us  nt  perceive,  that  as  the  body  must  have  weight  M 
power,  so  must  it  have  mechanical  contrivance,  * 
foment  of  its  parts,     hs  to  too*.  We  weight.  »l 
it   be  sustained  by  a,  ste\eVm ',  mvi  "wtreo.  ^ 
the  I  -Web  gvic  tire  \soAl  Wi^tft.  »iA 

i  '  1  (far  m  tba*.  wsa»  »■  V*»» 
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MECHANISM  OF  THE  FRAME. 

it  taken)  adjusted  with  the  finest  attention  to  the  ; 

Udicolar  weight  that  it  has  to  bear,  as  well  as  to 

teral  thrusts  to  which  it  is  subject  in  the  motions  of 


u-:..- 


bones  also  are  as  levers,  on  the  most  accurate 

1  principles.  And  whilst  these  bones  are  nccosj 

give  firmness  and  strength  to  the  frame,  it  is  admin 

;w-    observe  that  one  bone  never  touches  another,  bi 

^5?*  elastic  material,  the  cartilage,  intervenes  bctv 

JjJJ^r  ends,  the  effect  of  which  is  to  give  a  very  consit 

f*5**le  degree  of  elasticity  to  the  whole  frame.     With 

~  *""  ch  elasticity  a  jar  would  reach  the  more  delicate  org] 

en  in  the  very  recesses  of  the  body,  at  every  viol 

n ;  and,  bat  for  this  provision,  every  joint  wc 

by  the  attrition  of  the  surfaces  of  the  bones.     ' 

,    ^^^ are  surrounded  with  the  flesh  or  muscles. 

J^^fcDScle  is  a  particular  fibrous  texture,  which  alone,  oi 

*  ~*~S$ie  materials  constituting  the  frame,  possesses  the  p< 

- *  -*iar  inherent  power  or  endowment  of  contracting  ;  i 

^^iia  power  which  we  are  to  understand  when  professic 

^oaen  speak  of  irritability.    The  contraction  of  the  mu 

no  proportion  to  the  cause  which  brings  it  i 


operation,  more  than  the  touch  of  the  spur  upon 
"fc fg  gjjg  (joeg  gg  a  mechameel  impetus  to  the  ft 


^rith  which  the  animal  propels  both  himself  and  ri( 
JSach  muscle  of  the  body — and  by  common  estimate  tl 
are  hundreds — is  isolated ;  and  no  property  of  motioi 
propagated  from  one  to  another ;  they  are  distinct  ins 
ments  of  motion.  The  muscles  surround  the  bones, 
are  so  beautifully  classed,  that  in  every  familiar  motioi 
the  limbs  some  hundreds  of  them  are  adjusted  in  tl 
exact  degree,  to  effect  the  simplest  change  in  the  posi 
of  the  body. 

Each  fibre  of  a  muscle,  and  a  muscle  may  con 

millions  of  fibres,  is  so  attached  to  the  tendon,  that 

whole  power  is  concentrated  there  ;  and  it  is  the  tenc 

of  the  muscles  which,  like  ropes,  convey  \\\fc  fot^fc  <& 

muscles  to  the  bones.     The  bones  are  passYNeXesw 

muscles  are  the  active  parts  of  the  frame. 

With  all  the  seeming  intricacy  \u  \hc  t\« 
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crossing  of  these  tendons,they  are  adjusted  accurate] 
mechanical  principles.  Where  it  is  necessary,  the] 
in  sheaths,  or  they  receive  new  directions  by  lateral 
mentous  attachments,  or  there  are  placed  under 
smooth  and  lubricated  pulleys,  over  which  they  run: 
where  there  is  much  friction,  there  is  a  provision  i 
In  effect  to  the  friction-wheel  of  machinery. 

Thus  the  bones  are  levers,  with  their  heads  most 
ously  carved  and  articulated,  and  joined  to  the  intr 
relations  of  the  muscles  and  tendons,  they  present  a 
whole  a  piece  of  perfect  mechanism. 

It  is  with  this  texture— the  coarsest,  roughest  pa 
of  the  annual  frame—that  our  author  is  running  a  pa 
when  he  compares  it  with  the  common  mechanical 
trivances  of  machinery.  Whilst  these  grosser  car 
the  animal  body  exhibit  a  perfection  in  mechanical  a 
ation  far  greater  than  the  utmost  ingenuity  of  am 
exhibit  in  his  machinery,  let  the  reader  remember 
they  bear  no  comparison  with  the  finer  parts  of  the 
maf  body ;  such,  for  example,  as  the  structure  of 
nerves  which  convey  the  mandate  of  the  will  to 
moving  parts,  or  of  the  vessels  which  are  conveyin 
blood  in  the  circulation,  and  where  the  laws  of  hydi 
may  be  finely  illustrated ;  or  of  those  secreting  \ 
where  some  will  affirm  the  galvanic  influence  is  in  ■ 
tion  with  something  finer  than  the  apparatus  of 
and  troughs. 

But  were  we  to  institute  a  comparison  betwet 
mechanical  contrivances  of  man  and  these  fine 
onanisms  m  the  animal  frame,  we  must  recolle< 
there  are  structures  in  the  body  much  more  admira 
we  shall  have  abundant  opportunities  of  showing 
proceed  in  the  present  volume.  The  organs  of  the 
which  are  so  many  inlets  for  the  qualities  of  sum* 
matter  to  excite  corresponding  sensations  and  perce 
will  afford  us  delightful  subjects  of  contemplatio 
proofs  more  conclusive  of  design  in  the  human  boc 
only  in  regard  to  the  system  of  that  body  itself,  to 
forms  a  part  of  the  system  of  the  universe. 
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STRUCTURE  OF  ANIMAL  BODIES. 

animal  bodies,  besides  those  structures  on  which 
conomy  and  much  of  their  vital  functions  depend, 
is  a  firm  texture  necessary.  Without  this,  the 
ble  would  have  no  characteristic  form ;  and  ani- 
rould  want  the  protection  necessary  for  their  defi- 
gans,  and  could  not  move  upon  their  extremities, 
ave  to  show  with  what  admirable  contrivance,  in 
ferent  classes  of  organised  beings,  this  firm  fabric 
3d,  sometimes  to  protect  the  parts,  as  a  shell,  and 
mes  to  give  them  form  and  motion,  as  in  the  ske- 

regetables,  as  in  animals,  there  is  a  certain  firm 
x\  necessary  to  support  the  parts  which  are  the 
active  organs  of  their  system,  and  which  are  so 
ill  and  interesting.  The  ligneous  or  woody  fibre 
nute,  elastic,  semi-opaque  filament,  which,  closing 
adhering  to  other  filaments  of  the  same  kind, 
the  grain  or  solid  part  of  the  wood.  The  best 
stration  of  the  office  of  the  woody  fibre  is  in  the 
When  the  leaf  of  a  plant  is  prepared  by  macera- 
ld  putrefaction,  and  the  soft  part  washed  away, 
•emains  an  elegant  skeleton  of  wood,  which  retains 
*m  of  the  leaf,  and  which  is  perfectly  well  suited 
x>rt  its  delicate  organisation.  It  is  the  same  sub- 
which,  when  accumulated  and  condensed,  gives 
nd  strength  to  the  roots  and  branches  of  the  oak ; 
ese,  though  fantastic  and  irregular  in  their  growth, 
re  a  mechanical  principle  of  strength,  &&  <tora*a&  \& 
p-buiJder  in  the  Knees  of  timber,  as  m  <fefc  ^asa&fe 


»  «      s  ™     «"  '*'      f  tor  c«"><««  *• 

'tta  »»■',"£  i„«uco«  oI  "f  „r  a- 
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ad  utmost  convexity  of  the  shell  was,  at  an  earlier  stage, 
efficient  to  cover  the  whole  animal.  But  as  the  oyster 
[tows  it  throws  out  from  its  surface  a  new  secretion, 
imposed  of  animal  matter  and  carbonate  of  lime,  which 
*  attached  to  the  shell  already  formed,  and  projects  far- 
ther at  its  edges.  Thus  the  animal  is  not  only  protected 
by  this  covering,  but,  as  it  grows,  the  shell  is  made 
thicker  and  stronger  by  successive  layers. 

The  reader  will  not  be  unwilling  that  we  should  stop 
kere  to  show  that,  rudely  composed  as  this  covering  of 
the  oyster  seems  to  be,  it  not  only  answers  the  purpose 
if  protecting  the  animal,  but  is  shaped  with  as  curious  a 
lestination  to  the  vital  functions  of  respiration  and  ob- 
aining  food  as  anything  we  can  survey  in  the  higher 
nimals.  We  cannot  walk  the  streets  without  noticing 
hat,  in  the  fish-shops,  the  oysters  are  laid  with  their  flat 
ides  uppermost ;  they  would  die  were  it  otherwise.  The 
nimal  Dreathes  and  feeds  by  opening  its  shell,  and 
hereby  receiving  a  new  portion  of  water  into  the  con- 
avity  of  its  under-shell ;  and  if  it  did  not  thus  open  its 
hell,  the  water  could  neither  be  propelled  through  its 
ronchiee  or  respiratory  apparatus,  nor  sifted  for  its  food. 
t  is  in  this  manner  that  they  lie  in  their  native  beds ; 
rere  they  on  their  flat  surface,  no  food  could  be  gathered, 
i  it  were,  in  their  cup ;  and  if  exposed  by  the  retreating 
de,  the  opening  of  the  shell  would  allow  the  water  to 
scape,  ana  leave  them  dry,  thus  depriving  them  of  re- 
paration as  well  as  food.* 

We  perceive,  then,  that  the  form  of  the  oyster-shell, 
ide  as  it  seems,  is  not  a  thing  of  chance.  Since  the 
lell  is  a  cast  of  the  body  of  the  animal,  the  peculiar 
lape  must  have  been  given  to  the  soft  parts,  in  anticipa- 
on  of  that  of  the  shell,  an  instance  of  prospective  con- 
ivance. 

That  the  general  conformation  of  the  shell  should 
aye  relation  to  what  we  may  term  its  function,  will  be 

*  In  confirmation  of  these  remarks,  the  geologist,  when 
e  sees  those  shells  in  beds  of  diluvium,  can  determine  whe- 
ler  the  oysters  were  overwhelmed  in  their  native  \*&&,<st 
tere  rolled  away  and  scattered  as  shells  merely. 
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less  surprising  when  we  find  a  minute  mechanics!  iafesr 

tion  in  each  layer  of  that  shell.    We  should  be  ii 

to  say  that  the  earthy  matter  of  the  shell  iiiyiislKsja. 

were  it  not  that  the  striated  or  fibrous .»-— i 

in  the  direction  of  the  fibres  in 


each  layer  having  the  stria  composing  H  parallel  to 
another,  but  directed  obliquely  to  those  of  the  layer 


viously  formed^  and  the  whole  ^*h*¥**we;  a         _ 
arranged  upon  well-known  mrrhsniral  jrinmipsni. 

Shell  is  not  alive,  as  true  bone  is,    u  the  shell  of  say 
of  the  testacea  be  broken,  the  surface  of  the  aaissai  m 


cretes  a  new  shell,  not,  however,  by  the 
mucus,  but  bv  the  regular  secretion  of  a 

bined  of  earthy  and  gelatinous  matter,* 

riments  have  been  made  br  steeping  shells  in 
nitric  acid,  by  which  it  is  snown  that  the  earbs 
lime  is  the  earth y  material  of  shells :  and  the*,  whee 
earth  is  dissolved  in  the  acid,  a  gelatinous  m*rs*lM 
the  form  of  the  shell  remains. 

Crustaceous  animals,  such  as  die  lobster  and  ejsjai 
have  their  shell  formed  of  the  same  substances  as  Ail 
testacea,  but  with  the  addition  of  phosphate  of  lhae  Is 
the  carbonate  of  lime.  A  question  may  arise,  Hew  sis 
these  animals  prow  ?  It  is  said  that  they  east  their  shslb 
and  remain  retired  until  a  new  shell  is  secreted ;  and  Best* 
mur  has  given  a  very  particular  account  of  the  process  sf 
separation  in  the  cray-fish.  Naturalists  hare  not  *  ' 
these  cast-off  shells.  If  they  be  not  cast,  the 
must,  at  a  particular  season,  have  their  shells  so  i 
as  to  permit  sudden  expansion  of  their  bodies  withal 
yet  it  would  be  difficult  to  say  by  what  internal  ibsssj 
this  shell  could  be  thus  softened  and  made  pliant.  Wi 
presume  the  reason  that  the  shells  of  the  crusts 
not  found  in  our  museums  is  because  they  are  not 
off  at  once,  but  that  the  portions  are  detached  in 


*  We  owe  our  knowledge  of  the  formation  of  shell  to  As 
great  French  naturalist  £&umur,  who,  by  ingenious  ens* 
riments,  showed  the  distinction  of  shell  and  bone,  aadtfsl 
the  former  was  secreted  from  the  surftes  of  the  ^r'rrrfl 

f  Vol  H  p.  224. 
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don.  In  these  Crustacea  we  find  an  approximation  to 
bone,  inasmuch  as  the  shell  is  articulated,  and  has  certain 
processes  directed  inwards  to  which  the  muscles  are 
attached. 

The  hardening  material  of  hone  is  the  phosphate  of 
lime,  and  this  earthy  substance  is  not  merely  united  with 
cartilage  or  gelatinous  matter,  but  membranes  and  vessels 
enter  into  the  composition  of  bone.  Bone  is  not  excreted 
or  thrown  out  of  the  system  of  the  animal  body,  but,  on 
the  contrary,  it  participates  in  those  laws  that  govern 
living  matter.  It  is  continually  undergoing  the  changes 
of  deposition  and  absorption,  under  the  influence  of  blood 
vessels  and  absorbing  vessels,  by  which  means  it  grows 
with  the  growth  of  the  soft  parts. 

In  fishes,  which  live  in  an  element  that  supports  the 
weight,  the  bones  have  a  very  large  proportion  of  elastic 
cartilage  in  their  composition,  and  some  nave  so  little  of 
the  phosphate  of  lime  in  their  bones,  as  to  be  denomi- 
nated cartilaginous  fishes.  Indeed,  in  the  higher  classes 
of  animals  which  live  upon  land,  there  is  in  the  different 
bones  a  finely  appropriated  union  of  earth,  cartilage,  and 
fibre,  to  give  them  the  due  proportion  of  resistance,  elas- 
ticity, and  toughness.  Not  only  is  the  bone  of  each  class 
of  animal  peculiar  in  the  proportion  of  the  ingredients, 
but  each  bone  of  the  skeleton,  as  of  man,  has  a  due  pro- 

¥>rtion  of  earth,  and  cartilage,  and  fibre,  to  suit  its  office. 
he  temporal  bone,  in  which  the  ear  is  situated,  is  as 
dense  as  marble  (it  is  called  os  petrosuni),  and  of  course 
is  suited  to  propagate  the  vibration  of  sound :  the  heel- 
bone,  or  the  projection  of  the  elbow,  on  which  the 
powerful  muscles  pull,  is,  on  the  other  hand,  fibrous,  as 
if  partaking  of  the  nature  of  a  tendon  or  rope ;  whilst  the 
columnar  bones,  which  support  the  weight,  have  an 
intermediate  degree  of  density  and  an  admirable  form,  as 
we  shall  see  presently. 

Let  us  consider  the  structure,  growth,  and  decay  of 
the  deer's  horns,  as  an  example  of  the  most  rapid  growth 
of  bone,  and  a  curious  instance  of  its  appropriation  to  a 

ricular  purpose.     And,  first,  why  should  these  rattec* 
deciduous,  falling  at  an  appointed    season^    T^c 
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breeder  of  domestic  cattle  and  horse*  e 
pagate   the  favourite  qualities  of  fleece  or  ca 
speed  or  power,  by  crossing.     Nature  • 
purpose  by  giving  to  the  strongest. 


[Swtion  of  Ihe  ttool  of  a  Dwr"l  Hon.) 

The  antlers  of  the  stag  which  is  in  mat 
vigorous  health  grow  with  the  greatest  spread 
and  crotches ;  with  the  growth  of  the  horn  th 
crease  of  strength  in  the  neck  and  shoulder.* 
not  be  surprised  then,  that,  in  contention  with 
he  that  carries  the  largest  antlers  should  obtain  j 
over  the  herd.  After  the  season  his  antlare  fa 
find  the  stag  feeding  with  the  other  ma 
he  had  driven  off.     Be  this,  however,  a 
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growth  and  faJl  of  the  horn  is  a  remarkable  pit 

ion,  and  deserving  farther  consideration. 

^"I'he  horn  of  the  deer  is  bone,  and  is  formed  as  an 

3?**ial  part,  that  is  to  say,  it  is  covered  during  iu  groi 

**  grows  from  the  outer  table  of  the  ikuil,  a;  but  li 

?^tend«,  at  the  same  time,  from  the  integuments  of 

5**?>  *  soft  vascular  covering,  b,  Eke  velvet,  so  1 

•firing  the  whole  period  of  its  growth,  the  horn,  c . 

?***md  it  a  tender  soft  coverinr,  rail  of  vessels,  and  wi 

!*  **ecessary  to  its  growth  and  support.     Bat  when 

****rn  has  acouired  its  rail  form  ana  strength,  this  v< 

r**^ering  is  destroyed  by  a  very  curious  process.     Al 

T^ot  of  the  horn,  near  the  skull,  a  circlet  of  tubercle 

yyied  the  burr  or  pearl,  is  found ;  the  principal  ve 

***n  between  these  tubercles,  and,  as  the  tubercles  gi 

jE^y  close  in  upon  the  ascending  blood-vessels,  comj 

^^em,  and  prevent  their  conveying  blood  to  the  h< 

5P611  the  membrane,  which  was  vascular,  becomes  in 

™*\*le  and  dead,  and  in  time  is  rubbed  off. 

In  old  treatises  on  hunting,  the  separation  of  the  c 
S^tticle,  or  velvet,  is  called  fraying ;  and  the  huntsi 
^^  leading  on  his  hounds  upon  a  hart  of  many  "  tin 
*ges  of  his  size  and  strength  by  the  fraying-post- 
'  t  of  the  tree  against  which  he  has  been  butting 
^  w«jig  his  horns  to  separate  the  outer  covering. 
Jtorns,  when  the  velvet  is  detached,  are  now  perfect. 
*  after  this  that  the  stag  seeks  the  female  in  the  d< 
^>f  the  forest ;  and  now  it  is  that,  in  encountering 
Rivals,  fierce  contests  ensue.  They  dart  against 
^tfher  with  great  fury,  take  no  repose,  and  in  a  very 
•*  creeks  become  quite  exhausted.  In  the  museum  of 
*  College  of  Surgeons  there  are  two  superb  sets  of  ant 
J  entangled  and  wedged  together ;  they  belonged  to 
males,  which  had  struck  so  fiercely  against  each  ol 
that  they  could  not  withdraw  their  horns,  and  being 
•trangely  locked  together,  they  starved,  and  were  f< 
dead.  The  stag  is  a  very  different  animal,  in  resra^ 
strength,  at  different  seasons  of  the  year.  He  f' 
on  different  herbage,  sometimes  preferring  the 
heath;  at  another  season  he  resorts  to  c*yja 
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and  corn-fields ;  and  thete  correspond  with  his  difl 
condition  as  to  strength  and  fatness,  and  with  his  pa* 
It  is  after  the  period  of  contention  that  the  stag  is 
more  found  in  the  copses  and  underwood,  feeding  p 
fully  with  his  former  rivals.  And  now  the  prow 
absorption  takes  place  at  the  root  of  the  home,  aid 
are  shed :  sometimes  one  Is  carried  a  oonsiderabse 
after  the  other  is  fallen ;  and  it  is  observed  that  the  < 
and  strongest  harts  shed  their  antlers  the  soonest 
remarkable  circumstance  is,  that  such  it  the  pro?! 
through  the  absorption  at  the  root  of  the  horn,  t 
slight  shock  will  now  detach  that  which  bore  the  n 
force  of  the  two  combatants  before.  The  fallow 
hare  the  same  habits  and  passions ;  but  they  will  cot 
in  herds  for  favourite  pesture*grounds,  and  divide 
parties  under  the  oldest  and  strongest  of  the  herd, 
can  doubt  that  the  antlers  are  for  a  temporary  pur 
since,  for  the  greater  part  of  the  year,  they  are  c 
wanting,  or  in  a  tender  state  of  growth  ?  Nature  be; 
them  only  as  arms  for  the  combat  which  is  to  deck 
the  strongest,  and  give  a  sire  to  the  herd. 

We  shall  now  advert  to  the  forms  of  the  bones  o 
greater  animals,  and  to  those  of  man.  That  the  1 
which  form  the  interior  of  animal  bodies  should  hav 
most  perfect  shape,  combining  strength  and  light 
ought  not  to  surprise  us,  wnen  we  find  this  in  the  1< 
vegetable  production. 

A  reed,  or  a  quill,  or  a  bone,  may  be  taken  to  i 
that  in  nature's  works  strength  is  given  with  the 
possible  expense  of  materials.  The  long  bones  of 
mals  are,  for  the  most  part,  hollow  cylinders,  fille 
with  the  lightest  substance,  marrow ;  and  in  bird 
object  is  attained  by  means  (if  we  may  be  permits 
say  so)  still  more  artificial.  Every  one  must  hav< 
served  that  the  breast-bone  of  a  fowl  extends  alonj 
whole  body,  and  that  the  body  is  very  large  com] 
with  the  weight ;  this  is  for  the  purpose  of  renderin 
creature  specifically  lighter  and  more  buoyant  in  th< 
and  that  it  may  have  a  surface  for  the  attachme 
muscles  equal  to  the  exertion  of  irosug  it  on  the  \ 
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ation  of  lightness  with  increase  of  Torame  i» 
lir-eells  extending  through  the  body,  and 
ng  by  tabes  between  the  lunge  and  cavities 
By  these  means  the  bones,  although  huve 
to  withstand  the  operation  of  powerful 
1  them,  are  much  lighter  than  those  of  qua- 

•  bones  of  the  human  body,  being  hollow 
died  cylindrical,  though  they  are  not  accu- 
>  reason  of  which  we  shall  presently  explain ; 

b 


i  the  femur,  or  thigh-bon«,  to  Asm  IBM  fedto*  <*  ** 
mncedlMtod  gtmctoun  of  its  upper  wtdtaim  tw&a\  W** 
it  ia  articulated  to  the  pelvia ;  c,  the  gr*dt  tt^bin^tw. 
which  it  la  articulated  to  the  leg.j 


it 


J 


$ 


r. 
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and  we  shall  at  the  same  time  show  that  their  irr 
larities  are  not  accidental,  as  some  have  imagined, 
let  us  first  demonstrate  the  advantage  which,  in 
structure  of  the  bones,  is  derived  from  the  cvlind 
form,  or  a  form  approaching  to  that  of  a  cylinder, 
piece  of  timber  supported  on  two  points,  thus— 


hear  a  weight  upon  it,  it  sustains  this  weight  by  d 
ont  qualities  in  its  different  parts.  For  exan 
divide  it  into  three  equal  parts  (A,  B,  C)  :  the  u 
part  A  supports  the  weight  by  its  solidity  and  resisl 
to  compression ;  the  lowest  part  B,  on  the  other  1 
resists  by  its  toughness  or  adhesive  quality.  Bet 
the  portions  acting  in  so  different  a  manner,  there 
intermediate  neutral  or  central  part  C,  that  ma 
taken  away  without  materially  weakening  the  I 
which  shows  that  a  hollow  cylinder  is  the  fon 
strength.  We  may  observe  a  further  illustration  o 
when  a  tree  is  blown  down  and  broken  at  the  sten 
the  windward  the  broken  part  gapes ;  it  has  been 
asunder  like  the  snapping  of  a  rope :  to  the  leewarc 
of  the  tree  the  fibres  of  the  stem  are  crushed  intc 
another  and  splintered  ;  whilst  the  central  part  is 
This,  we  presume,  must  always  be  the  case,  mo 
less.  We  may  observe,  too,  why  the  arch  is  the 
of  strength.  If  this  transverse  piece  of  timber  wc 
the  form  of  an  arch,  and  supported  at  the  extrem 
then  its  whole  thickness,  its  centre,  as  well  as  the  i 
and  lower  parts,  would  support  wNgalYsy  re&Uting 
pression. 
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ie  demonstration  may  be  carried  much  farther, 
the  form  of  strength  in  the  bone.  If  the  part 
ylinder  which  bears  the  pressure  be  made  more 
ie  power  of  resistance  will  be  much  increased ; 

ir  a  ligamentous  covering  be  added  on  the 
e,  it  will  strengthen  the  part  which  resists  ex- 

and  we  observe  a  provision  of  this  kind  in  the 
gaments  which  run  along  the  vertebrae  of  the 

we  see  the  bone  cut  across,  we  are  forced  to 
dge  that  it  is  formed  on  the  principle  of  the 
—that  is,  that  the  material  is  removed  from  the 
nd  accumulated  on  the  circumference,  thus — 


a  spine  or  ridge,  A,  running  along  the  bone, 
ich,  when  divided  by  the  saw  in  a  transverse 
,  exhibits  the   irregularity,  whereof  A  is  the 

action  of  this  spine  shows  a  surface  as  dense  as 
hat  part  is,  therefore,  much  more  capable  of 
compression  than  the  other  part  of  the  cylinder, 
i  common  bone.  This  declares  what  the  spine 
be  anatomists  must  be  wrong  who  imagine  that 

is  moulded  by  the  action  of  the  muscle,  or  that 

*  is  a  mere  ridge,  arising  by  accident  among  the 

It  is,  on  the  contrary,  a  strengthening  of  the 

the  direction  on  which  the  weigYrt,  \je«xfc.    \S. 
ae  the  experiment  with  the  piece  crt  tisGtaftsc^  'W 
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shall  learn  why  the  spine  is  harder  than  the  Test  ol 
bone.  If  a  portion  of  the  upper  part  of  the  timb 
cut  away,  and  a  harder  wood  inserted  in  its  place 
insertion  of  the  harder  portion  of  wood  increases 
property  of  resistance.     With  this  fret  before  u 


may  return  to  the  examination  of  the  spine  of  b 
We  see  that  it  is  calculated  to  resist  pressure,  first, 
cause  it  is  farther  removed  from  the  centre  of  the  cj 
der,  and,  secondly,  because  it  is  more  dense,  to  r 
compression,  than  the  other  parts  of  the  circumfen 
of  the  bone.* 

This  explanation  of  the  use  of  a  spine  upon  a  t 
gives  a  new  interest  to  osteology.  The  anatomist  ou 
to  deduce  from  the  form  of  the  spine  the  motions  of 
limb,  the  forces  bearing  upon  the  bone,  and  the  nai 
and  the  common  place  of  fracture  ;  while,  to  the  gen 
inquirer,  an  agreeable  process  of  reasoning  is  introdu 
in  that  department,  which  is  altogether  without  inte 
when  the  "  irregularities"  of  the  bone  are  spoken  ol 
if  they  were  the  accidental  consequences  of  the  pres 
of  the  flesh  upon  it. 

Although  treating  of  the  purely  mechanical  princ 
it  is  perhaps  not  far  removed  from  our  proper  obje 
remark  that  a  person  of  feeble  texture  and  ind< 
habits  has  the  bone  smooth,  thin,  and  light ;  but 
nature,  solicitous  for  our  safety,  in  a  manner  whid 
could  not  anticipate,  combines  with  the  powerful 

*  As  the  line  A  B  extends  farther  from  the  centre 

B  C,  on  the  principle  of  a  lever,  the  resistance  to  trans 

tincture  will  be  greater  in  the  &ra&u&  K'&'&akBC. 
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far  frame  a  dense  and  perfect  texture  of  bone,  where 
>ery  spine  and  tubercle  is  completely  developed.  And 
ins  the  inert  and  mechanical  provisions  of  the  bone 
ways  bear  relation  to  the  living  muscular  power  of  die 
mb,  and  exercise  is  as  necessary  to  the  perfect  consti- 
ition  and  form  of  a  bone  as  it  is  to  the  increase  of  the 
macular  power.  Jockeys  speak  correctly  enough  when 
ley  use  the  term  " Hood  and  bone"  as  distinguishing 
le  breed  or  genealogy  of  horses ;  for  blood  is  an  allow- 
ble  term  for  the  race,  and  bone  is  so  far  significant,  that 
ie  bone  of  a  running  horse  is  remarkably  compact  com- 
ared  with  the  bone  of  a  draught  horse.  The  reader 
an  easily  understand,  that  in  the  gallop  the  horse  must 
ome  on  his  fore  lees  with  a  shock  proportioned  to  the 
pan ;  and  that  in  the  horse,  as  in  man,  the  greater  the 
macular  power  the  denser  and  stronger  is  the  bone. 
!*he  bone  not  being  as  a  mere  pillar,  intended  to  bear  a 
erpendicular  weight,  we  ought  not  to  expect  uniformity 
&  its  shape.  Each  bone,  according  to  its  place,  bears 
p  against  the  varying  forces  that  are  applied  to  it. 
-onsider  two  men  wrestling  together,  and  then  think 
ow various  the  direction  of  the  resistances  must  be: 
Of  they  are  pulling,  and  the  bones  are  like  ropes ;  or 
gram,  they  are  writhing  and  twisting,  and  the  bones 
®ar  a  force  like  the  axle-tree  between  two  wheels ;  or 
key  are  like  a  pillar  under  a  great  weight ;  or  those 
<Hws  are  acting  as  levers.  We  see,  therefore,  why,  to 
withstand  these  different  shocks,  a  bone  should  consist, 
■  we  have  stated,  of  three  parts,  the  earth  of  bone  (sub- 
foosphate  of  lime)  to  give  it  firmness ;  fibres  to  give  it 
^Ognness ;  and  cartilage  to  give  it  elasticity. 
<v We  may  pursue  this  subject  a  little  farther  still,  taking 
he  text  of  our  author — "  The  proportioning  of  one  thing 
*  another."    Chap.  xvii.  sec.  v. 

The  great  functions  by  which  animals  live  and  breathe 
id  are  nourished  are  the  same  through  the  whole  chain, 
Om  the  simplest  polypus  or  mass  of  jelly  that  floats  in 
te  sea,  to  the  largest  and  most  complex  of  all  terrestrial 
eatures.  The  appetite  for  food,  the  powers  o?  a&simv- 
tion,   circulation,  aeration    secretion,  are    tne    sam* 
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f'jTtf*>sTi*  !n  all  Uring  creatures,  ooIt 
%\zf.  <,r  tf»xjttfXL.    When  we  consider  the 
t uritr* y  in  th*  -hapes  of  animated  beings,  we  an  ipt 
UfT'jfX    th<;   necessity  of   apportioning    their  sxe 
strcwrth.  no:  only  to  the  vegetable  production!  n4 
the  material*  found  on  the  surface  of  the  earth,  bsfc 
the  mmrniimlc  of  the  globe — to  the  "  great  motion  Art 
are  fja.niirijr  in  the  heavens/*     On  that  plan  of  fins] 
structure  which  pervades  all  the  varieties  of  aninali  hi 
which  bones  afford  resistance  and  muscles  activity,  tl 
must  I*;  a  limit  to  stature.     The  resisting  parts  of 
smaller  animals,  which  have  an  external  covering  ii 
of  Ijonea,  have  comparatively  much  less  material  in 
than  the  larger.     Accordingly,  philosophers  have  oo> 
traced  the  jKiwcr  of  the  flea  with  that  of  the  has} 
deriding  greatly  in  favour  of  the  former.    The  rulioaAl 
of  thin  'ih  not  ({uite  apparent  at  first;  but  a  little  cos* 
deration  will  convince  us,  that  the  resisting  material  bell! 
exterior  to  the  animal's  body,  and  consequently  remwi 
from  the  centre,  it  must  possess  more  power  ana* 
tnuiHverso  fracture,  as  well  as  bestow  a  mechanical  at 
vantage  lor  the  action  of  the  muscles.  But  this  isnotal: 
miy  degree  of  density  and  strength  may  be  given  to% 
from  its  being  a  mere  secretion,  and  being  unorganfl* 
We  may  conqMire,  however,  the  bones  of  man  viththo* 
of  the  elephant,  or  other  huge  animals.*     Now  it  wrf 
«eem  that  the  material  of  bone  (which  we  must  recoflei 
is    }>orous,   since    it  constitutes  a  living  part,  and  1 
nourished  bv  blood-vessels)  could  not,  bv  anv  variety  a 
eonfnrmatum,  Ivar  up  a  greater  mass  than  that  oft* 
elephant.     On  examining  the  bones  of  these  imiua* 
animals,  including  the  megatherium  and  rhinoceros. th? 
iit>%  dense  and  strong,  and  eluinsv,  as  we  would  term  ft 
the*:-  *  pines  and  processes  are  large,  and  their  carta* 
j;  "■»'.:  .p.  all  tohVh  indicates,  that  to  support  a  lasf* 
ar.*:-.-.;'.  o:«.  extremities,  some  other  material  than  tie* 
"a:-  ; v.:o  * ouid  be  required.     Those  is-.mense  *mbS 
arc  tound  ia  digging  the  earth.  axJ  whkh.  b  ir* 
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ages,  have  given  rise  to  strange  fancies,  are  the 
of  animals  inhabiting  the  water — whales  or  rep- 
whose  bulk  was  extended  in  the  water,  or  that 
ed  on  their  bellies,  and  they  could  never  have 
support  sufficient  to  have  raised  their  enormous 
it  on  extremities.  With  regard  to  the  position, 
'  a  chicken  roosting  on  its  perch  is  related  to  the 
es  revolving  in  the  firmament,"  I  have  elsewhere 
•ated  the  necessity  of  a  fixed  point  from  which  the 
es  can  act,  and  that  the  necessity  of  resistance 
is  that  of  weight,  and  that  that  weight  must  be 
rtioned  to  the  mass  of  the  globe  we  inhabit,  as 
as  to  the  power  of  the  muscular  frame.* 

ee  the  introduction  to  the  Bridgewater  Treatise  on 
Hand." 
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THE  BOXES  Or  THX  HEAD  AXD  THXtB  JOJMXOS. 


Wx  hare  elsewhere  spoken  of  the  "  tfcfaiteetm"  of  A| 
skull,  which,  though  at  first  a  startling  teas,  has  btn 
acquiesced  in  from  the  remarkable  instances  that  * 
have  given  of  design,  in  comparing  the  tea  tore  and  o* 
nexion  of  the  bones  with  the  art  of  the  builder  and  e*J 
penter.  The  more  important  the  part  is  to  life— ts 
more  vital  the  organ,  we  find  the  texture  or  fabric  whit 
protects  it  the  more  perfect.  The  human  skull  preset! 
us  with  many  curious  proofs  that  the  forces  or  injuries  t 
which  it  is  exposed  are  calculated  and  provided  agsins 
But  we  shall  take  our  first  examples  from  die  skulls  < 
animals ;  and  here  we  see  that  the  brain  is  not  coverc 
in  the  same  manner  in  all,  but  that  in  each  variety  tha 
is  a  provision  against  the  forces  to  which  the  skull  is  sol 
jected.  The  skull  of  a  dog  is  hardly  in  any  respect  lik 
the  skull  of  a  ram ;  the  bones  of  the  former  are  thin 
the  line  of  union,  which  is  called  the  suture,  is  simple 
it  is  not  provided  to  withstand  percussion :  but  in  tl 
latter  animal  there  is  reared  over  the  proper  brain-cai 
a  series  of  arched  cells  of  strong  bone,  and  each  bone  : 
joined  to  another  by  a  line,  serrated,  deep,  and  regular 
the  mechanical  strength  of  the  union  always  correspooc 
ing  with  the  strength  of  the  bones ;  and  the  whole  oein 
formed  into  a  base  suited  for  the  support  of  the  horn! 
and  calculated  to  sustain  the  shock  when  the  animi 
butts  with  the  whole  weight  and  strength. 

We  might  contrast  the  skull  of  the  ram  or  goat  wit 
that  of  the  tiger,  where  the  strength  is  in  its  jawi 
Tim  animal,  too,  has  t\ie  bran-caife  voatt^  and,  as  i 
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re,  buried  in  the  head ;  but  the  jaws,  initead  of  being 
mgy  bones,  as  in  man,  are  dense  and  strong  to  sustain 
i  teeth ;  for  what  would  avail  these  teeth,  long:  and 
arp  and  strong,  could  they  be  twisted  from  their 
ket  t  and  what  would  avail  the  strength  of  the  jaws, 
1  length  and  depth  of  the  teeth,  were  not  the  proper 
ill  surrounded  with  spines  and  arches  of  bone  dense 
i  strong  enough  to  give  attachment  to  the  muscles  of 
l  laws  ?  Thus,  in  the  carnivorous  animal,  the  strength 
the  bony  textures  of  the  head  is  all  concentrated  in 
i  jaws  of  the  animal,  and  correspond*  with  its  instinct 
hold  and  rend  its  prey. 

But  when  the  lion  or  the  tiger  have  struck  down  their 
jy — and  have  gorged  themselves  and  sought  their 
ns,  and  when  the  lesser  carnivorous  animals  have 
tared  the  bones- — there  remains  a  rich  repast  which 
sy  cannot  reach ;  then  comes  the  hymns,  which  cracks 
>  bones,  and  feeds  upon  the  marrow. 
Of  all  the  skulls  that  can  be  collected  in  a  museum, 
i  jaws  and  teeth  of  the  hytetia  exhibit  the  most  extra- 
iinary  strength :  the  bones  having  a  clumsy  form  and 
nse  texture  quite  peculiar,  and  suited  for  the  socketing 
the  strong  conical  teeth. 

We  see,  therefore,  that  the  fabric  of  the  head,  taken 
a  whole,  bears  a  certain  resemblance  in  all  classes  of 
imals ;  but,  though  built  upon  the  same  ^ww.wi  ^ran, 
?  supports  are  given  to  fortify  the  pwnta  -wYwi*.  \*as 
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By  such  more  obvious  instances  of  adaptation 
led  to  inquire  whether  any  similar  adjustment  of  the* 
sisting  property  of  the  bone  is  to  be  round  in  the  ~ 
head.     We  must  cany  this  along  with  us  hi  our 
that  a  shock  or  vibration  going  through  the  , 
of  the  human  brain  proves  more  immediately 
of  the  faculties,  than  the  wound  which  penalratM 
substance  without  a  concussion.    When  we  contosjp 
the  condition  of  a  child,  its  fearlessness,  its  restless 
tivity,  the  falls  and  knocks  it  gets,  we  most 
that  were  not  the  textures  of  the  bones  and 
adjusted,  the  child  when  it  fell  must  have  Iain  h 
instead  of  rising  and  crying  more  from  terror  thaatki] 
sense  of  injury. 

We  may  contrast  this  condition  of  the  child  with 
of  an  old  man  losing  his  balance  and  falling  on  his " 
who  lies  insensible  from  the  shock.    Is  it  not 
that  there  is  here  a  calculation  of  the  accidents  o? 
and  a  provision  against  them,  which  yet  leaves  •] 
threatened  with  danger,  and,  therefore,  on  our  guard? 

The  difference  in  the  textures  of  youth  and  age  are ' 
instructive  as  to  the  causes  of  the  diversitr.  The  bns ' 
of  the  old  man  is  firm ;  the  vibration  injures  its  fibre. 
The  brain  of  the  child  is  soft,  and  in  infancy  it  may  be 
moulded  to  any  shape.  Then,  again,  the  texture  of  the 
bone  is  entirely  different,  and  hardly  like  the  same  sub- 
stance. It  is  thin  and  pliant  in  the  child,  actually 
dimpled  by  a  blow ;  whilst  in  age  it  is  brittle  from  its 
density,  and  the  vibration  of  the  blow  runs  round  it; 
or  if  it  be  broken,  it  is  like  a  piece  of  sharp  glass  enter- 
ing the  tender  parts  beneath. 

Much  more  than  will  stand  inquiry  has  been  said  oi 
the  forms  of  the  head,  in  reference  to  the  contained 
organs ;  but  there  is  a  simple  demonstration  which  should 
precede  all  this :  the  forms  of  the  skull  bear  a  relation 
to  pressure  and  injury  from  without,  and  the  parts  most 
exposed  are  most  protected.  A  man  falling  backwards 
has  the  back  of  his  head  exposed  to  injury ;  and  the  ex- 
amination and  section  of  the  bone  at  this  part  shows  bow 
nature  has  strengthened  it,by  sjmagYt,  ^ttftte&^&gknesi 
mnd  prominence,  and  by  groun&i  V\  ^en&kBu   >K*« 


ing  it ;  tor  there  is  nothing  more  resembling  die 
%  groinings  or  arches  of  the  ground-story  of  a  great 
ing,  than  the  ridges  of  the  skull  at  this  part  of 
se,  which  cross  at  a  centre  corresponding  with  the 
inence  of  the  occiput. 

front,  the  form  of  the  skull  exhibits  a  pro  vision 
as  distinct  in  its  object.  The  parte  td  the  forehead 
l  are  most  prominent  and  exposed  (eminentia 
lies)  exhibit,  on  their  section,  a  rf«f*er  and  denser 
,'  whilst  the  lower  part  of  the  foreheed  is  formed 
Is  or  sinMet,  which,  throwing  off  the  enter  wall  of 
;ull  fron  tht!  surface  of  the  mmm,  still  Bore  eflectu- 


person  tinahlm*  ailewm  pitches  on  the  shoulder, 
he  convexity  o*  the  head  comes  to  the  pound  pre- 
-  on  that  point  (the  centre  of  the  ■aortal  bone) 
s  the  bone  is  thickest  and  most  dense. 
is,  on  the  whole,  impossible  to  stud;  the  forms  of 
ead  without  acknowledging  that  the  shape,  thick- 
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I.  Thn  Jhiiiia/ Iwne.  D-  The  smperat  bona. 

B.  Tin*  tfhemid  bonr. 
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To  take  a  further  example : — It  seeing  very  nafm 
in  carrying  a  burden,  to  poise  it  on  the  head.  Ni 
whether  we  take  the  carpentry  (called  a  centering) 
which  the  stones  of  the  arch  of  a  bridge  are  kid  in  bu 
ing  it,  or  the  arch  of  stone,  or  a  dome — (for  with 
these  the  bones  of  the  head  may  be  aptly  compared 
there  has  been  nothing  ever  contrived  so  perfect  as 
joining  of  the  bones  of  the  head  to  resist  both  pros. 
above,  and  straining  at  the  sides.  And  if,  on  this 
ject,  we  solicit  the  reader's  attention  more  particul 
to  these  joinings,  it  is  because,  in  books  merely 
tomical,  they  are  apt  to  be  treated  like  things  of  accid 
and  described  as  the  running  of  the  fibres  of  one  I 
into  another,  the  necessary  consequence  of  their  moo 
growth ;  or  the  accidental  effect  of  the  pressure  of 
muscle  :  whereas,  on  the  contrary,  the  finest  tools  of 
carpenter  could  make  nothing  so  perfect  or  so  den 
ttrative  of  design.* 

*  This  subject  is  pursued,  in  more  detail  in  the  tre 
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These  provisions  would  surely  have  met  with  earlier 
ttention  had  men  contemplated  in  a  true  view  the  object 
f  the  animal  frame-work ;  which  is  not  to  give  absolute 
ifety  against  inordinate  violence,  but  to  balance  the 
bances  of  life, — leaving  us  still  under  the  conviction, 
lat  pain  and  injury  follow  violence :  so  that  our  ex- 
erience  of  the  injury,  and  our  fear  of  pain,  whilst  they 
re  the  principal  protection  to  life,  lay  the  foundation  of 
nportant  moral  qualities  in  our  nature. 

iven  as  Appendix  II.  originally  published  by  the  Society 
r  the  Diffusion  of  Useful  Knowledge,  under  the  title  of 
Animal  Mechanics."  It  is  there  shown  that  the  bony 
ibstance  of  the  skull  separates,  in  the  maturity  of  man, 
to  two  plates  or  tables,  and  of  different  degrees  of  hard- 
sss,  with  an  intermediate  soft  substance ;  and  that  by  this 
Tangement  of  substances  of  different  densities,  a  shell  or 
rvering  is  given  for  the  protection  of  the  brain,  opposing 
efficient  resistance  to  pressure,  and  at  the  same  time  calcu- 
ted  to  stifle  vibration  from  a  blow. 


o% 
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17. 


Lr  comparing  the  skeleton  with  carpentry,.  < 
•rtiickl  that  admits  of  comparison  wkh  k, 
thai,  in  the  bones,  there  is  not  a  straight  line 
farm,  whether  they  serve  as  a  shaft,  axle, 
while,  in  the  other,  every  part  is  levelled  az 
or  formed  according  to  some  geometrical  .co 
woald  lead  a  superficial  thinker  to  oonclud 
bones  were  formed  irregularly,  or  without  r» 
principle ;  but  the  consideration  of  by  Wh< 
leads  to  a  review ;  and  a  deeper  examination  I 
it  the  conviction  that  the  curves,  spines,  anc 
ances  of  the  bones  are  formed  with  a  relai 
weight  which  they  bear,  and  the  thrusts  an 
which  they  are  subjected  in  the  different  mot 
body. 

If  we  observe  the  various  postures  of  a  i 
manual  labour,  or  under  a  weight,  or  running, 
or  wrestling,  we  shall  be  convinced  that  no  c 
the  bones,  formed  upon  geometrical  lines  or  ci 
suit  all  this  variety  of  motion.  No  splicing,  < 
cogging,  or  any  of  all  the  various  shapes  into 
carpenter  or  joiner  cuts  his  material,  could  ei 
to  withstand  the  motions  of  the  body,  wh< 
utterly  impossible  to  estimate  the  forces,  or  1 
upon  the  variety  in  the  motion. 

That  the  varieties  in  the  forms  of  the  boi 
irregular,  nor  accidental,  but  are  related  to  t 
to  be  performed,  is  apparent  in  the  close  exa 
the  human  skeleton,  and  still  more  clearly 
comparative  anatomy. 
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iapes  of  the  bomi  are  very  closely  related  to  the 
to  be  performed  by  the  different  joints.  Let  us 
he  enlargement  of  the  diameter  of  the  bone  at  an 
on.  This  expansion  of  the  articulated  surface 
ne  gives  power  to  the  binding  ligaments,  by 
;  them  from  the  centre  of  motion ;  and  by  the 
rf  surface  and  additional  strength  of  ligament, 
er  of  dislocation  is  much  diminished.  The  fric- 
vo  bodies  whose  surfaces  move  upon  one  another 
icreased  by  the  extent  of  surface,  the  pressure 
%  the  same.  Hence  the  enlargement  of  the 
of  the  joint  is  attended  with  greater  security 
there  being  additional  friction.  But,  lor  the 
t,  the  surfaces  of  the  bones,  instead  of  sliding 

another,  have  a  rounded  form,  and  roll  upon 
er.     Now  the  friction,  in  this  case,  depends 

diameter  of  the  body  which  rolls,  and  is  small 
tion  as  the  diameter  of  that  body  is  great,  the 
eing  the  same.  By  this  we  see  that  the  large 
ming  the  knee-joint,  for  example,  have  every 
3  of  greater  strength  without  increased  friction, 
uthor  has  perhaps  dwelt  sufficiently  on  the 
ss  given  to  the  articulating  surfaces  of  the 
the  cartilages  and  the  synovial  or  lubricating 
parly  called  joint-oil  (and  ignorantly  so  called) ; 

these  general  observations,  in  order  fully  to 
>nd  the  fine  adjustment  of  each  bone  in  its  arti- 
we  should  require  to  go  minutely  into  the  ana- 
?hen  we  should  find  with  how  curious  a  me- 
ldaptation  the  motions  are  permitted  in  the  pre- 
irection  and  checked  in  every  other.  We  should 
to  observe,  also,  how  the  motions  of  one  joint 
d  to  those  of  another ;  and  how,  by  the  com- 
)f  joints,  each  of  which  is  securely  checked  and 
ned,  there  is  a  facility  and  extent  of  motion 
by  their  combination :  for  example,  in  the  arm 
,  where  the  motions  are  free,  and  varied  in 
sible  direction. 

teresting  to  see  how  the  joints  of  the  lower  ex- 
are  modified  in  man  in  comparison  m\ta.  VJaosfc 
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of  the  upper.  We  have  elsewhere  remarked  that  the 
bones  of  the  human  pelvis,  thigh,  and  leg  exceed  those 
of  all  other  animals  in  relative  size,  which  shows  a  pro- 
vision for  the  erect  position  of  man.  The  same  k 
evinced  in  the  form  of  the  joints,  as  the  ankle,  knee,  and 
hip ;  for  whilst  their  combinations  give  every  necessary 
degree  of  motion  consistent  with  security,  there  is  t 
happy  provision,  producing  at  once  firmness  and  mobility. 
That  is  to  say,  when  the  limb  is  thrown  forward  m 
walking  or  running,  it  is  loose,  and  capable  of  being 
freely  directed ;  so  that  we  plant  it  with  every  cm 
venience  to  the  irregularity  of  ground :  but  when  thft> 
body  is  carried  forward  to  be  perpendicular  over  tfcsJt 
limb,  it  acquires,  by  the  curious  adjustment  of  the  boMfc 
a  firmness  equal  to  that  of  a  post  Again,  when  tkft 
body  is  still  further  thrown  forward,  and  the  limb  is  diK 
encumbered  of  the  weight  of  the  body,  the  joints  an  Is} 
loose  so  as  to  be  bent  easily,  and  to  obey  the 
the  muscles. 


H 
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V. 

Or  THE  SPINE. 

spine  is  the  most  perfect  structure  in  the  whole 
sd  machine.  Perhaps,  if  our  words  were  critically 
1,  it  would  be  better  to  say,  that  the  intention  of 
:urious  mechanical  structure  here  was  the  most  ap- 
lt,  and  on  that  account  most  the  object  of  our 
ration.  By  the  skeleton  is  meant  the  collection  of 
s  which  gives  form  and  strength  to  the  superior  class 
imals ;  and  as  these  bones  are  bound  together  by  a 
i  of  vertebrae,  the  whole  class  of  these  animals  is 
d  vertebrata,  from  this  most  essential  part  of  the 
;ton.  Besides  thus  binding  the  bones  together,  and 
ing,  as  it  were,  the  very  centre  of  the  whole,  the 
j  is  a  tube  for  protecting  the  most  vital  organ  of  all, 
spinal  marrow.  But,  again,  when  we  look  upon  the 
;ton  of  man  as  giving  him  the  power  of  standing 
t,  we  observe  that  the  spine,  whilst  it  retains  its 
r  offices,  has  a  new  one  imposed  upon  it :  it  is  a 
r  for  sustaining  not  only  the  superior  parts  of  the 
',  but  the  globe  of  the  head,  which  we  shall  find  it 
acts  in  a  very  unexpected  manner.  The  reason  of 
admiration,  then,  is  in  being  able  to  perceive  the 
es  by  which  these  different  offices  are  performed  by 
construction  of  this  column :  how  nature  has  esta- 
ied  the  most  opposite  and  inconsistent  functions  in 
set  of  bones ; — for  these  bones  are  so  strong  as  not 
.ffer  under  the  longest  fatigue  or  the  greatest  weight 
:h  the  limbs  can  bear ;  and  so  flexible,  as  to  perform 
^hief  turnings  and  bendings  of  the  body  ;  ana  yet  so 
ly  withal,  as  to  contain  and  defend  the  most  mtoid 
the  most  delicate  part  of  the  nervous  system. 
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In  some  animals,  the  lowest  of  the  vertebrate, 
protecting  texture  of  the  spinal  marrow  hardly  dew 
the  name  of  vertebral  column.  In  certain  fishes/ 
example,  the  spine  consists  of  a  cartilage  made  toug 
ligamentous  intertexture.  In  the  myxine,  this  cart 
does  not  entirely  enclose  the  spinal  marrow ;  for  ii 
in  a  deep  groove  on  the  upper  part  of  the  spine, 
let  us  not  suppose  that  in  fishes  there  is  any  imperfe 
in  the  vertebral  column:  it  is  an  elastic  columi 
which  the  muscles  act  so  as  to  become  the  mea 
powerful  locomotion;  and  in  all  fishes  the  spine 
more  or  less,  this  remarkable  elasticity.  Asoendi 
the  scale  of  animals,  we  find  the  cartilage  formin 
spinal  column  subdivided  by  cavities  which  corn 
gelatinous  fluid;  and  these  cavities  being  surra 
with  a  strong  but  elastic  ligamentous  covering,  nc 
can  be  conceived  more  admirably  adapted  to  g 
springiness  to  the  whole  column.  Still  ascendinf 
discover  that  the  bony  matter  becomes  deposited  be 
these  cavities;  and  here  the  separate  vertebra 
appear.  If  two  vertebrae  of  the  great  shark  be 
out  together,  and  the  sac  between  them  punctured 
is  the  elasticity  of  the  walls  of  this  sac,  that  th< 
will  be  spouted  out  to  a  distance.  In  other  fish 
the  cod-fish  (an  osseous  fish),  the  structure  apprc 
to  that  of  the  mammalia ;  the  intervertebral  sub* 
is  gelatinous.  In  the  whales,  circular  concentric 
ments  join  the  vertebra?,  and  a  small  portion  i 
centre  consists  of  a  glairy  matter.  In  mammalia,  t 
man,  there  are  strong  and  distinct  bones  of  the  vert< 
and  these  are  joined  by  a  ligamentous  cartilage,  the 
circle  of  which  is  remarkably  strong,  and  the  centn 
and  elastic.  The  toughness  and  strength  of  the  ex 
circle,  and  the  soft  condition  of  the  centre,  make  a 
equivalent  in  action  to  what  might  be  produced  by 
intervening  between  the  surfaces  :  a  facility  of  mot 
thus  bestowed  which  no  form  of  solid  could  give 
yet  the  joint  is  so  strong,  that  the  bone  breaks 

*  Myxine,  lamprey,  sturgeon,  &c. 
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but  the  ligamentous  cartilage  never  gives  way. 
le  veterinary  surgeon  casts  a  horse,  if  he  be  not 
3  restrain  him,  he  will  twist  himself  with  a  force 
ill  break  the  vertebra.  It  is  a  frequent  accident 
but  the  texture  that  gives  mobility  to  the  spine 
jlds. 

ext  thing  admirable  in  the  spine  is  the  manner  in 
e  head  is  sustained  on  a  column  possessing  elas* 
d  in  which  the  brain  is  thereby  saved  from  un- 
ussion  in  the  movements  of  the  body.  This  object 
ained  altogether  through  the  elastic  substance  in 
•  which  we  have  described ;  but  it  is  owing,  in  a 
asure,  to  the  general  form  of  the  spine  in  man. 
vertebras  been  built  up,  like  a  lofty  column,  of 
put  correctly  and  vertically  over  one  another, 
>  would  not  have  had  the  advantages  which  re* 
i  the  structure  that  we  have  to  describe.  As  the 
at  weight  would  then  have  fallen  on  the  centres 
i  bodies  of  the  vertebrae,  they  must  have  yielded 
ht  degree  only.  Accordingly,  the  figure  of  the 
s  given  to  the  column,  which  waving  line  we 
admire  because  it  is  the  line  of  beauty,  as  some 
ned  it,  but  because  it  is  the  form  of  elasticity.  The 
ng  already  in  a  curved  shape,  it  bends  easily ;  the 
is  directed  upon  the  margins  of  the  vertebrae  and 
tervertebral  substances,  and  they  therefore  yield, 
and  by  yielding,  they  produce  an  increase  of 
3,  a  consequent  shortening  of  the  whole  column, 
it  an  easy  return  to  their  original  places.  Sup- 
rest  the  palm  of  the  hand  upon  a  walking-cane, 
;  elastic,  but  perfectly  straight ;  it  bears  a  con- 
)  pressure  without  yielding,  and  when  it  does 
is  with  a  jerk;  but  if  it  be  previously  bent, 
we  may  increase  or  diminish  the  pressure,  there 
no  shock :  the  hand  will  be  supported,  or  the 
dd,  with  an  easy  and  uninterrupted  resiliency. 
i  conceive  to  be  the  end  obtained  through  the 
•urvature  of  the  spine :  that  the  brain  shall  re- 
shock  in  the  sudden  motions  of  the  body, 
we  to  give  our  attention  to  the  proceaaea  tfAxftfe 
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which  stand  out  from  the  bodies  of  the  vertebra),  i« 
should  find  unexpected  provisions  there  also.  It  it  I 
common  remark  of  anatomists,  that  the  bones  of  thft 
spine  are  secured  in  their  proper  places  br  the  rektioai 
of  the  surfaces  in  contact ;  the  surface  of  die  body  bcaw, 
oblique  in  one  direction,  and  those  of  the  arrtcnhtisg 

E recesses  in  another — the  one  therefore  preventing  tat 
one  being  dislocated  forwards,  and  the  others  proreaV 
ing  it  being  displaced  backwards.  There  is  souieUriat 
more  than  this.  The  articulating  processes  consist  i 
two  broad  surfaces,  which  are  inclined  in  such  a  mam* 
that  they  slide  upon  one  another-^that  is  to  say,  the  ar- 
ticulating surface  of  the  vertebra  above,  being  itael 
inclined,  rests  upon  another  which  is  also  inclined.  Ji 
the  intervertebral  substances  of  the  bodies  yield  and  if* 
coil,  the  articulating  process  of  the  upper  vertebra  shift 
upon  the  inclined  surface  of  the  process  on  which  hi 
seated,  ascending,  and  descending:  bat  the  impedunsst 
is  greater  the  more-  the  vertebra  descends,  thus  addiaj 
to  the  elasticity  and  security  of  the  whole,  and  pteiaaV 
ing  the  abrupt  shocks  which  would  be  the  conseqvenei 
of  the  surfaces  being  horizontal.  If  a  cannon  were  mail 
to  recoil  upon  an  ascending  plane,  or  a  surface  forming! 
portion  of  a  circle,  it  would  represent  the  mechanism  of 
the  articulating  processes  of  the  vertebrae. 

Let  the  separate  spine  be  presented  before  us,  I 
stands  up,  like  a  mast,  broad  and  strong  below,  and 
tapering  upwards.     The  mast  of  a  ship  is  supported  by 
the  shrouds  and  stays  ;  and  if  we  sought  for  an  analogy 
with  these,  we  must  fix  upon  the  long  muscles  of  & 
back,  which  run  along  the  spine  to  sustain  it.     But  as  t 
mast  goes  by  the  board  in  a  storm,  we  see  where  ths 
spine  would  have  been  most  in  danger,  had  not  natnn 
provided  against  it.     When  we  start  forward  in  walking 
or  running  it  is  by  the  exertion  of  the  muscles  of  the  lower 
extremities,  and  the  body  follows.     Did  the  spine  stand 
directly  up  perpendicularly,  it  would  sustain  a  shock  or  It 
jar  at  its  base  in  these  sudden  motions.     We  see,  that'  |i 
fore,  the  intention  of  the  lower  vertebras  being  inchnsi  I 
forwards  from  their  foundation  on  the  sacrum :  for  by  tail  h 
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means,  the  jar  which  might  endanger  the  junction  of  the 
lowest  piece,  is  divided  amongst  the  five  piece*  that  form 
the  curve.  The  same  thing  is  seen  in  the  quadruped  : 
lor  as  the  spine  in  the  back  and  loins  lies  horizontally, 
and  the  neck  rises  towards  the  perpendicular,  there  would 
be  danger  of  dislocation,  if  the  vertebrae  of  the  neck  rose 
suddenly  and  abruptly  from  the  body :  there  is,  there- 
fore, at  the  lowest  part  of  the  neck  a  sweep  or  semicircle 
formed  by  the  junction  of  several  vertebrae,  to  permit  the 
head  to  be  erected ;  a  remarkable  example  of  which  is 
shown  in  the  stag. 

We  have  elsewhere  observed,  that  when  a  delicate 
piece  of  mechanism  is  contrived  by  the  hands  of  man,  it 
may  be  locked  up  and  preserved.  But  the  most  delicate 
textures  of  the  living  frame  stand  distinguished,  above  all, 
by  this  quality,  that  if  they  be  not  put  to  use,  they  very 
quickly  degenerate.  Not  only  is  the  faculty  of  action 
lost  by  inaction,  as  every  one  must  be  aware  takes  place 
in  the  functions  of  his  own  mind,  and  in  the  exercise  of 
his- senses,  but  the  texture  of  the  organs  quickly  degene- 
rates. If  by  accident  a  limb  should  lose  certain  move- 
ments, the  muscles,  nerves,  vessels,  which  nature  intended 
to  be  subservient  to  these  motions,  become  in  a  few  weeks 
or  months  so  wasted  that  they  are  hardly  recognizable  by 
the  anatomist.  If  we  apply  this  acknowledged  principle 
to  the  spine,  and  take  along  with  us  that  the  texture  of 
hone,  cartilage,  ligament,  tendon,  muscle,  all  the  parts 
which  enter  into  its  structure  and  are  necessary  to  its  per- 
fection, however  varying  in  solidity  or  composition,  retain 
their  perfection  by  being  exercised,  we  shall  readily  per- 
ceive the  effect  of  confinement  on  young  females.  With- 
out any  positive  disease,  but  from  being  over-educated  in 
modes  which  require  sedentary  application,  the  spine  be- 
comes weak  and  loose  in  texture,  and  yields  to  the  pre- 
vailing posture,  whatever  that  may  be.  We  mention  this 
because  it  is  a  principle  important  in  every  consideration 
to  each  individual,  and  applicable  to  both  body  and 
mind. 

The  French  philosophers  have  entertained  the  notion 
that  the  central  parts  of  all  animals  axe  mora  \b 
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in  their  construction,  whilst  the 

variety — a  theory  partly  admitted  by 

eiologists  among  ourselves,  and  which  introduces 

rity  and  hypotheses  into  one  of  the  moat  wiWMUJaMe  j 

of  design.    Dr.  Roget,  in  his  excellent 

Treatise/  has  taken  op  this  idea. 

A  spinal  marrow  belongs  to  the  whole  of  the 
brated  class  of  animals ;  and  the  spinal  maiiow  nwat 
protected  by  bone :  accordingly,  as  the  uiiiiuaal  \ 
the  spine  is  permanent,  so  most  its  form  be.  Yet 
ever  there  is  a  change  in  the  action,  or  rather  in  thej 
of  the  spine,  we  find  the  vertebrae  conformable. 
the  motion  of  a  fish  through  the  water  results  froa 
lateral  movement  of  the  tail  and  spine ;  but  were  the  ea 
stituent  bones  formed  like  those  of  other  animals  of  All 
same  class,  the  lateral  or  transverse  processes  of  the  ve>[ 
terbrae  would  interfere  with  this  motion :  they  are  that*] 
lore  removed,  and  in  order  to  give  strength  to  the  dam] 
of  bones,  the  spinous  processes  are  prolonged  towardstat  j 
back,  and  corresponding  processes  project  towards  fatj 
viscera.  In  the  cetacea,  as  the  whale  and  dolphin,  fej 
the  position  of  the  tail  is  reversed ;  it  lies  oat  horizontally; 
and  the  vertebrae  correspond.  These  animals  must  rail 
to  breathe  the  air,  and  their  tails  are  thus  provided  ti 
raise  them  easily  to  the  surface ;  a  proof,  if  any  waff 
wanted,  that  the  spine,  the  very  centre  of  the  system,  ■{ 
accommodated  to  the  main  function  of  respiration. 

The  tail  of  animals  is  the  prolongation  of  the 
But  it  seems  extraordinary  that  anyone  should  make  tat  I 
the  ground  of  an  hypothesis,  that  when  parts  are  repsaV 
ed,  they  become  more  and  more  imperfect  as  they  reoafc 
from  the  centre.  It  is  however  referred  to  m  view,  a>| 
cause  the  bones  constituting  the  tail  become  smaller  a 
rounder,  and  terminate  in  cartilage  in  which  there  is 

Is  it  not,  on  the  contrary,  obvious  that  the  tail  at  ] 
»als  is  constituted  for  its  proper  purpose,  firm  towanfc 
"tot,  with  muscles  to  play  it  in  all  directions,  and  la* j 
nd  more  elastic  towards  the  end  to  carry  the  brash  f 
vMrthiag  be  better  adapted  to  such  pmuoaw? 
*  **•  4am*  fgrfeci  if  were  :*«»  vertebras 


■w» 


Of  THE  8PXBX.  II 

of  round  bones  joined  together  ?  In  short,  corresponding 
as  this  part  does  with  its  uses,  sometimes  as  a  brush  to 
curl  round  the  animal  and  be  a  mantle  for  warmth,  some- 
times as  a  rudder  in  running,  sometimes  as  a  fan,  and 
always  reaching  where  the  ear  or  the  tongue  cannot  reach 
— must  all  the  obvious  provisions  be  lost  sight  of  in  the 
consideration  that  animal  bodies  are  constituted  so  imper- 
Jectly,  that  if  a  part  like  a  vertebra  be  formed  in  the 
centre,  repeated  or  prolonged,  each  link,  as  it  recedes 
from  the  centre,  must  become  less  and  less  perfect,  dege- 
imegrating  from  what  is  presumed  gratuitously  to  be  its 
mrigwad  form  ? 
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OF  THE  THOBAX  AND  MXCHAHIiM  OF  KSSKBA1 

Odb  author  might  have  made  more  use  of  the  ti 
aifording  proofs  of  his  great  argument.     We  hi 
represented  the  spine,  breast-bone,  and  ribs,  as  1 
tomist  articulates  them.    Were  he  to  make  a  akf 
this  fashion,  it  would  be  fragile  in  an  extraordii 
gree,  compared  with  the  natural  body ;  and  if  the  i 
fell,  it  would  inevitably  be  broken.    Let  us  se 
what  gives  protection  to  the  bones  in  the  natun 
The  celebrated  John  Hunter  was  much   eng 
showing  by  what  means  elasticity  came  in  aid  of 
cular  power,  both  in  the  textures  circulating  th 
and  in  those  ministering  to  the  play  of  the  lun- 
may  observe  how  the  same  principle  conduces  t< 
tection  of  the  ribs  as  well  as  assists  their  moti 
spiration. 

The  anterior  part  of  the  rib  (f)  which  ek 
rib  (F  G)  and  joins  it  to  the  breast-bone  (C), 
of  elastic  cartilage ;  and  the  rib  having  a  free  i 
behind  to  the  spine,  it  results  that  each  rib  is 
of  elasticity.   The  anatomist  making  no  prope 
for  this  in  the  artificial  skeleton,  the  bone  br 
like  a  piece  of  china.   We  have  another  pro< 
tural  body  of  the  necessity  for  elasticity.    W 
served  that  a  child,  rash  and  unsteady,  is  lia1 
sand  accidents  to  which  those  of  maturer  ) 
exposed.     Now,  during  all  the  active  year 
whole  textures  of  the  frame,  and  especially  - 
both  bone  and  cartilage,  possess  elasticity, 
with  the  hazards  to  which  youth  is  subj 
the  child  falls  and  suffers  no  injury  •  wher 


Imwing  hu  been  tpken  from  in  artificial  ikeletoD,  which  ii  teldom 

ley  were  pUcadio  in  the  HvlngbodyNit  eouMonly  be  Jn  violent 
in,  when  the;  «  niml  u  the  vert  titmoet.  Thia  ngore  ii 
o  »t  p.  91  of  Vol.  II.,  hot  the  unmber'of  Ihe  Appondiz  Ii  ailed 
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striking  his  ribs  upon  the  corner  of  the  table,  has  thai 
fractured.  But  let  us  observe  taw  effect  of  elasticity  h 
the  act  of  respiration. 

The  ribs  do  not  more  to  aeensauaodate  themaelYei  a 
the  motions  of  the  lungs,  but  Igr  awring  draw  the  laaj 
after  them,  and  cause  their  exjawsie*.  T1m  mterihei 
of  the  ribs  being  filled  up,  and  a  aapfcam  doaing  the  Iks) 
rax  below,  the  enlargement  of  the  cavity  fatariti  l| 
lungs  to  be  expanded  by  the  weight  of  tha>  staatpbtfl 
the  air  entering  them  through  thawaadpijao>  We  steal 
see  the  importance  of  the  motiooa  of  t&tj  ribs,  ftr  • 
expansion  of  the  chest  and  the  play  of  flsa  ksafk  Of 
author  has,  however,  omitted  am  eaaentiel  prt  af  M 
interesting  subject  He  has  show*  that  theoW§ss)poa\ 
tion  of  the  ribs  is  necessary  to  iaayfcsaion,  ssad  that,  sj 
the  rising  of  the  anterior  part  of  this  rib*  tia*  lweaaa-bosi 
is  thrust  forwards  and  the  cavity  ejaattfSjL  Bat  the  m 
has  a  double  motion.  It  has  a  awftjon  on  its  mm  axh> 
Suppose  a  line  drawn,  through  the  two  estnauKliai  ofa 
rib,  which  would  represent  the  string  of  a  haw,  As] 
string  is  stationary,  while  the  bow,  wiptfaawtinf  the  naj 
revolves ;  thus  the  rib,  by  having  its  awtofior  estreavj| 
depressed  and  revolving  as  it  is  raised,  enlarges  the  trawf 
Terse  diameter  of  the  thorax  as  well  as  the  anterior  da> 
meter.  In  this  action  the  cartilage  in  front  is  twisted; 
and  the  torsion  of  this  elastic  matter  affects  the  muscosT 
action  in  the  manner  following. 

We  have  understood  the  act  of  respiration  to  beeaser 
tial  to  life,  and  that  the  expansion  of  the  cheat  dilates  tJ 
lungs,  gives  freedom  of  circulation  through  them,  f 
decarbonizes  the  blood.    It  is  interesting,  therefore, 
see  how  a  property  of  dead  matter,  elasticity,  becom* 
guard  upon  life.     Every  one  must  feel  that  it  is  eask 
expire  the  air  than  to  inspire  it ;  and  if  we  can  imagi 
person  fainting,  or  in  any  mode  in  danger  of  death 
very  word  expiring,  in  its  common  sense,  implies 
the  last  act  of  life  is  the  expulsion  of  the  breath),  i 
elasticity  tends  to  enlarge  tne  chest,  it  must  tend 
preservation  of  life,  by  restoring  the  circulation  tl 
the  Jungs.    This  is  exactly  what  happens  from  the 
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atructore  of  die  whole  compages  of  the  chest.  The 
clastic  property  preserves  the  chest  in  a  middle  state. 
The  muscles  off  inspiration  act  against  the  elasticity :  the 
Muscles  of  expiation  also  act  against  it :  the  elasticity 
tends,  therefore,  to  maintain  an  intermediate  state  of  dila- 
tation of  the  thorax  ;  and  accordingly  the  lungs  are  pre- 
aerved  in  a  condition  to  perform  their  functions  for  a  cer- 
tain period  at  least,  after  the  vital  actions  would  have 
•eased  through  the  muscles,  had  there  been  no  such 


The  great  physiologist  whom  we  have  already  men- 
~,  John  Hunter,  taught  that  when  one  part  per- 
1  two  functions,  there  was  necessarily  an  lmpenec- 
Wehave  now  the  most  suitable  opportunity  of 
Bjontroverting  that  position:  for  this  texture  of  the 
is  subservient  to  many  different  functions.  There 
no  imperfection  evinced  in  the  organ  of  smelling,  be- 
in  order  to  draw  in  the  odoriferous  effluvia  and 
them  pass  over  the  olfactory  nerve,  we  use  the 
ags.  Nor  do  we  experience  any  material  interference 
ith  respiration,  because  we  enjoy  the  power  of  speech 
an  impulse  given  to  the  air  in  expiration, 
er,  let  us  attend  to  the  form  and  expansion  of  the 
as  conducive  to  the  motion  and  strength  of  the 
and  hand.  The  motions  of  the  superior  extremity 
t  from  muscles  which  lie  upon  the  chest ;  and  were 
cfc  not  for  the  expansion  of  the  chest,  from  the  contained 
■Atmospheric  air,  these  muscles  would  not  act  with  suffi- 
Bstyat  power,  or  a  substitute  must  have  been  found  either 
■aT1  projecting  bones,  or  of  some  solid  texture,  to  afford 
M**tjgment  and  attachment  to  these  muscles. 
a  Then,  again,  considering  man  in  his  natural  condition, 
chances  of  life  would  run  against  him  if  he  were  in- 
ble  of  floating  upon  water,  or  if  the  atmospheric  air 
body  were  not  anterior  to  his  centre  of  gravity. 
force  of  this  argument  will  be  understood  when  we 
mber  that  the  air  contained  within  the  lungs,  after 
i  loan  has  made  an  inspiration,  amounts  to  three  hundred 
*  thirty  cubic  inches. 
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Looking  to  the  means  of  guarding  life,  nothing  eta*  ] 
more  important  than  the  condition  of  the  rang!,  in  ream 
to  the  atmospheric  air  within  them.  The  sensibifer 
and  the  rapid  contraction  of  the  glottis,  which  is  at  tm 
mouth  of  the  respiratory  tube,  is  for  the  purpose  si 
arresting  any  foreign  matter  afloat  in  the  etmosphf" 
which  might  be  drawn  in  by  the  stream  of  inspired  i 
and  so  reach  the  recesses  of  the  lungs.  Bat  were 
all,  the  office  would  be  but  half  performed.  The  ~ 
body  would  be  arrested ;  but  how  would  it  be  « 
if  it  lodged  ?  In  common  expiration  the  sir  is 
expelled  altogether  from  the  lungs :  there  is  enough  i 
tained  to  be  propelled  against  this  foreign  body,  sad 
eject  it.  And,  out  for  this,  the  sensibility  of  the  gktf 
and  the  actions  of  the  expiratory  muscles,  would  be 
vain ;  we  should  be  suffocated  by  the  slightest  bwk 
seed,  or  subject  to  deep  inflammation  by  the 
of  foreign  matter  drawn  into  the  air-tubes. 

We  may  here  observe,  that  the  instinctive  acnoof 
the  protection  of  the  body  are  calculated,  if  we  may  i 
so,  for  the  natural  condition  of  man.    The  inanufacn 
is  sometimes  removed  from  that  condition ;  and  our 
vention  must  be  taxed,  not  only  to  maintain  the  psiif 
of  the  atmosphere  in  which  he  works,  in  a  chenflf 
sense,  but  to  arrest,  or  convey  sway,  the  small  port* 
of  material  which  may  be  thrown  off  by  the  operation 
the  flax-dresser,  for  example,  in  heckling,  or  of 
cutler,  whose  occupation  it  is  to  grind  the  steel  after 
instrument  is  forged,  or  of  the  stone-cutter,  &c,  ar 
to  prevent  those  particles  being  inhaled.    The  lent 
the  passages  which  lead  to  the  lungs,  the  sensibilif 
muscular  apparatus  bestowed  upon  them,  and  the  r 
secretions  thrown  into  them,  are  the  natural  me 
which  foreign  matter  is  arrested  and  thrown  ouf 
in  these  artificial  conditions  of  men,  insoluble  y 
are  continually  floating  in  the  atmosphere  whi 
breathe ;  these  are  drawn  in  and  lodge  in  the  In 
irritate  to  disease. 

The  reader  will  find  that  the  following  extr 
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*  upon  the  actions  of  the  windpipe,  illustrates  the 
;  subject.* 

e  read  that  the  trachea  is  formed  of  imperfect 
[>f  cartilages  joined  by  membranes,  and  that  it  is 
the  back  part  for  these  reasons :  that  it  may  be 
and  free  tube  for  respiring  the  air ;  that  it  may 
nodate  itself  to  the  motions  of  the  head  and  neck ; 
it  it  may  yield  in  the  act  of  swallowing  to  the 
led  oesophagus,  and  permit  the  morsel  to  descend. 
i  perfectly  correct :  but  th  ere  is  a  grand  omission. 
;  all  admit  that  a  copious  secretion  is  poured  into 
ssage,  it  is  not  shown  how  the  mucus  is  thrown  off. 
here  is  a  fine  and  very  regular  layer  of  muscular 
>n  the  back  part  of  the  trachea,  exterior  to  the 
3  coat,  and  which  runs  from  the  extremities  of  the 
yes  of  one  side  to  those  of  the  other.  This  trans- 
muscle  is  beautifully  distinct  in  the  horse, 
f  hen  a  portion  of  the  trachea  is  taken  out,  and 
thing  is  dissected  off  but  this  muscle,  the  cartilages 
iserved  in  their  natural  state,  but  the  moment  that 
iscular  fibres  are  cut  across  the  cartilages  fly  open, 
muscle,  then,  is  opposed  to  the  elasticity  of  the 
?es  of  the  trachea.  By  its  action  it  diminishes  the 
>  of  the  tube,  and  by  its  relaxation  the  canal  widens 
it  the  operation  of  an  opponent  muscle, 
'he  whole  extent  of  the  air-passages  opens  or  ex- 
during  inspiration,  and  then  the  trachea  is  also 
ree ;  but  in  expiration,  and  especially  in  forcible 
toration  and  coughing,  the  trachea  is  diminished  in 
The  effect  of  this  simple  expedient  is  to  free 
ssage  of  the  accumulated  secretion,  which,  without 
rould  be  drawn  in  and  gravitate  towards  the  lungs, 
the  air  is  inspired,  the  trachea  is  wide,  and  the 
is  not  urged  downwards.  When  the  air  is  ex- 
,  the  transverse  muscle  is  in  action,  the  calibre  of 
be  is  diminished,  the  mucus  occupies  a  larger  pro- 
i  of  the  canal,  the  air  is  sent  forth  with  a  greater 
's  than  that  with  which  it  was  inhaled,  and  the 


*  « 


Philosophical  Transactions.* 


48 


matpbal  gmranar. 


consequenoe  is  a  gradual  tendency  of  the  spam  fniA 
the  top  of  the  trachea.  In  the  larynx  the  same  priaM 
holds ;  for  as  the  opening  of  the  glottis  enlarge!  in  »] 

Eition,  and  is  straitened  in  expiration,  the  wm  * 
is,  by  inducing  coaghing,  gets  rid  of  hs  aw 
ce.     Without  this  cnange  m  the  calibre  of 
trachea,  the  secretions  could  not  reach  the  upper  eat  i 
the  passage,  but  would  fall  back  ueon  the  lano. 

' '  Experiments  have  been  formerly  made  by  M. I 
which,  although  no  such  view  as  I  now  preset* 
then  in  contemplation,  prove  how  the  action  of  the '" 
Terse  muscle  tends  to  expel  foreign  bodies.  The* 
of  a  large  dog  being  opened,  it  was  attempted  ts 
different  substances  into  it  during  inspiration,  bat 
were  always  sent  out  with  impetus,  and  could  set! 
retained.  Why  the  dog  could  not  be  thus  suftoestoil 
apparent :  the  tube  is  furnished  with  this  most  t ' 
provision  to  secure  the  ready  expulsion  of  all 
accidentally  inhaled — the  air  nasses  inwards  by  thei 
of  the  foreign  body,  but,  in  its  passage  outwards, 
circumstances  are  changed  by  the  diminished  calibre1 
the  canal,  and  the  body,  like  a  pellet  filling  up  a  ' 
must  be  expelled  by  the  breath.'9 

We  have,  perhaps,  pushed  the  inquiry  far  enoogkj 
and  yet  the  interest  might  be  increased  by  observing  i' 
manner  in  which  the  textures  of  the  ribs  are  acoo 
modated  to  variations  in  the  mode  of  respiration,  or  I 
the  necessity  of  the  animal  expressing  the  air  from  ' 
lungs  in  diving.    We  have  seen  how  the  thorax  is 
panded  in  birds  to  the  whole  extent  of  the  body, 
obvious  reasons ;  and  the  counterpart  of  that  is 
where  the  animal,  instead  of  being  buoyant  in 
phere,  has  to  dive  into  the  water  and  crawl  at 
bottom — not  at  great  depths,  but  yet  under  water, 
shallow  pools  and  marshy  places.    The  frog  has  no  ril 
and  its  mode  of  respiration  shows  a  complete  <L~~ 
from  that  of  animals  which  breathe  with  a  diapl 
It  has  the  power  of  compressing  its  body,  and  exi 
the  air  from  the  lungs;  and  were  it  not  for  this, 
animal  would  remain  on  th&  wr&ra  of  the  water  as' 
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il  boys  blow  them  up  with  a  straw.  The  crocodile 
other  saurian  reptiles  have  their  ribs  accommodated 
s  to  produce  a  similar  effect,  and  for  a  similar  pur- 
*.  Instead  of  the  arched  form  of  the  ribs,  which  we 
3  described  as  capable  of  a  slight  change  of  figure 
-,  they  have  ribs  composed  of  distinct  pieces,  and 
ted  in  such  a  manner  as  to  enable  them  to  compress 
chest  into  a  smaller  volume. 

Te  have  a  sort  of  exposition  of  the  uses,  if  not  the 
Jssity,  of  respiration  to  the  voice,  in  observing  by 
t  substitutes  sound  is  produced,  for  example,  in  in- 
t,  which  do  not  breathe  by  lungs.  And  indeed  the 
a  consideration  suggests  the  inquiry  as  to  the  means 
vhich  the  atmosphere  is  agitated,  in  the  same  class  of 
lals,  in  subservience  to  the  sense  of  smelling. 
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THE     8UBJECT    CONTINUED    WITH     REFERENCE    TO 
CAPACITY  OF  THE  CHEST,  AMD  ITS  CONDITION  DUBEWJ 
BODILY  EXERTION. 

We  must  approach  this  part  of  our  subject  by  the  as*] 
sideration  of  that  law  of  fluids  which  appears,  at  first,  i 
contradictory  as  to  be  called  the  "  hydrostatic  paradox." 

Suppose  a  machine  formed  of  two  boards  of 
diameter,  and  joined  together  by  leather  nailed  to 
margins  like  a  pair  of  bellows :  a  hole  is  made  in 
upper  board  into  which  is  inserted  a  tube.  Now,  if] 
person  mount  upon  this  apparatus  when  it  is  filled 
water,  and  blow  into  the  tube,  he  can  raise  the  up 
board,  carrying  himself  upwards  by  the  force  of  his  < 
breath — indeed,  by  the  power  of  his  cheeks  alone, 
is  on  the  same  principle  that,  when  a  forcing  pump  is  1 
into  a  closed  reservoir  of  water,  it  produces  surpris1" 
effects.  The  piston  of  the  hydraulic  press  being  k 
with  a  weight  of  one  pound,  the  same  degree  of  pres 
will  be  transmitted  to  every  part  of  the  surface  of 
reservoir  that  is  given  to  the  bottom  of  the  tube,  and 
power  of  raising  the  upper  lid  will  be  multiplied  in 
proportion  that  its  surface  is  larger  than  the  diameter  ( 
the  tube.  Or,  to  state  it  conversely :  suppose  we  had] 
raise  the  column  of  water  in  the  tube  by  compressing  <" 
reservoir,  it  would  require  the  weight  of  a  pound  on  i 
portion  of  the  superficies  of  the  reservoir  equal  in  f 
to  the  base  of  the  piston,  before  the  water  could  be 
in  the  tube.  If  the  apparatus  which  we  have  dc 
were  full  of  air  instead  of  water,  we  should 
similar  effect ;  for  all  fluids,  whether  elastic  or  not, 
equally  in  all  directions ;  and  this  is  the  law  on 
the  phenomenon  depends.  If  yre  blow  into  the  no 
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mon  pair  of  bellows,  it  is  surprising  what  a  weight 
ki  we  can  heave  up  if  laid  upon  its  board, 
ieratanding,  then ,  that  the  power  of  the  hydraulic 
in  raising  the  lid,  depends  on  the  size  of  the  re- 
r,  and  its  relation  to  the  tube ;  and  again,  that  in 
ig  the  fluid  up  through  the  tube,  the  pressure  upon 
les  of  the  reservoir  must  be  the  greater  the  larger 
.vity,  we  can  conceive  how  a  gjlaujjtanrec  -^royi* 
-  into  his  blow-pipe  with  great  ease,  tt  Y«  \5bw» 
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smaller  < 


a  of  the  cheeks,  the 
but  with  an  exhaastuig  effort,  if  be  bloira  by  th 
pression  of  the  larger  cavity,  the  chesf.     I5r. 
made  a  calculation,  the  n  iwll  of  which  was,  that,  h 
pelliog  the  air  thraugb.  *  tube  of  the  same    adib 
weight  of  four  pounds  operating  upon  a  cavity-  of  the 
of  the  mouth  would  be  cowl  to  the  weight  of  si 
pounds  pressing  upon  a.  csrritj  of  the  d' 


s  the  blow-pipe  is  rat 

1  with  air,  and  the  paa 

it  the  back  of  the  mouth  closed;  the  man  breathes  thn 


curious.    The  month  is  distended  with  air,  a 


the  nostrils,  but,  from  time  to  tune,  admits  a  portion  ol 
into  the  mouth  in  expiration.  The  pressure  into  the  hi 
pipe  is  from  the  distension  and  consequent  elasticity  of 
cheeks,  occasionally  assisted  by  the  buccinator  muscle, 
trumpeter's  muscle,  so  called  because  it  compresses  the ' 
tended  cheeks.  In  this  way  the  stream  of  air  througt 
Wow-pipe  is  kept  up  uninterruptedly,  whilst  the  ■ 
breathes  freely  through  his  nostrils. 
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Let  us  see  how  beautifully  this  hydraulic  principle  is 

introduced  to  give  strength  in  the  common  actions  of  the 

laody.     We  have  remarked  that  the  extension  of  the 

superficies  of  the  thorax  is  necessary  to  the  powerful  ac- 

of  the  muscles  which  lie  upon  it ;  and  these  are  the 

of  the  arms.    We  must  all  have  observed,  too, 

in  preparation  for  a  great  effort,  we  draw  the  breath 

expand  the  chest.     The  start  into  exertion,  and  of 

- :  surprise,  in  man  and  animals,  is  this  instinctive  act.    But 

ujaless  there  were  some  other  means  of  preserving  the 

lungs  distended,  the  action  of  those  muscles  which  should 

thrown  upon  the  arms  would  be  wasted  in  keeping 

le  chest  expanded.     It  is  here,  then,  that  the  principle 

_  hich  we  have  noticed  is  brought  into  play.     The  chink 

>£  the  glottis,  which  the  reader  has  already  understood 

be  the  top  of  that  tube  which  descends  into  the  lungs, 

closed  by  a  muscle  not  weighing  a  thousandth  part 

the  muscles  which  clothe  the  chest ;  and  this  little 

inscle  controls  them  all.     A  sailor  leaning  his  breast 

>ver  a  yard-arm,  and  exerting  every  muscle  on  the  rig- 

~"     ;,  gives  a  direction  to  the  whole  muscular  system, 

applies  the  muscles  oi  respiration  to  the  motions  oi 

title  trunk  and  arms,  through  the  influence  of  this  small 

rascle,  that  is  not  capable  of  raising  a  thousandth  part 

weight  of  his  body:  because  this  little  muscle 

s  upon  the  chink  of  the  glottis,  and  is  capable  oi 

the  whole  combined  power  of  all  the  muscles 

liration.     It  closes  the  tube  just  in  the  same  way 

le  man  standing  on  the  hydraulic  bellows  can  with 

s  support  his  whole  weight.    Thus  it  is  that  the 

Araseles  which  would  else  be  engaged  in  dilating  the 

»e  s  ^5f*e8t  are  permitted  to  give  their  power  to  the  motions  oi 

z^^phearms.  . 

^  y^*  Some  cruel  experiments  have  been  made,  and,  foi 
2  ^  ^Itttorer  intended,  they  illustrate  the  necessity  of  clos- 
j- j£  'fag  the  top  of  the  windpipe  during  exertion.  The 
Lr  *  'Qnndpipe  of  a  dog  was  opened,  which  produced  no  defect 
fettil  toe  animal  was  solicited  by  his  master  to  leap  across 
■  ditch,  when  it  fell  into  the  water  in  the  act  of  leaping 

VOX.  IV.  "ft 
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because  the  muscles  which  should  have  given  force  it 
fore-legs  lost  their  power  by  the  sudden  sinking  of 
chest.  The  experiment  is  sufficiently  repugnant  to 
feelings ;  and  I  need  not  offend  the  reader  by  gi 
instances  in  further  illustration  from  what  somet 
takes  place  in  man. 


.  ■ .  1 

. '  -       -• 
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VIII. 

XATION   OP  THE  BODIES   OP  BIBDS  TO  THE 
ATMOSPHERE. 

object  noticed  in  ChMp.  ttvii.  is  the  wing  of 
id  this  is  given  as  an  instance  of  the  relation  of 
body  to  the  ekmefiHbywhkh.  it  is  surrounded. 
it  our  readers'  attention*  to  the  philosophy  of 
t.    And  let  us  not  be  contented  with  admiring 
are  of  the  feather,  or  the  adaptation  of  the 
he  wing  to  their  office,  but  let  us  go  deeper 
quiry :   it  is  a  subject  which  will  reward  us. 
ike  it  for  granted  that  a  creature  is  to  live  by 
e  of  the  same  functions  with  the  races  of 
it  quadrupeds,  as  digestion,  assimilation,  re* 
c. ;  but  that  it  must  rise  in  the  air  and  seek 
ong  flights.      What  are  the  circumstances 
this  new  condition  ?     Is  it  not  obvious  that 
-mist  be  specifically  lighter  or  more  buoyant 
here  ? — that  instead  of  its  muscular  system 
and  directed  to  the  movement  of  four  ex- 
ust  have  its  strength  principally  directed 
that  it  may  extend  them  and  be  able  to 
upon  them  ?     Let  us  then  see  how  this 
I,  and  how  the  original  animal  economy 
\th  an  entirely  new  machinery  of  motion, 
ect  will  be  attained   by  enlarging  the 
1,  without  increasing  the  weight  in  any- 
ame  proportion-5— and  one  very  obvious 
md  in  extending  the  trachea  or  wind- 
ing the  tame  and  wild  swan,  the  most 
vill  detect  the  provisvotv  for  ftv^gfcX.  ydl 
conformation  of  the  vroa&gfc^*  ^^ai&i 


This  sketch  from  the  male  crane  will  illusl 
mean.  The  light  anil  hullow  air-tube  fi 
the  interior  of  the  bone,  by  which  the  au 
tended  for  the  attachment  of  the  muscles 
and  thus  two  objects  are  attained  through  i 
In  attempting  to  explain  the  reason  of  si) 
from  the  common  forms  of  parte,  we  are 
into  the  same  mistakes  as  we  find  occasio; 
tnentatore  on  the  Sacred  Volume.  Wcr 
for  the  varieties  of  the  organs  of  voice,  wi 
■tart  to  the  conclusion  that  we  had  found 
body  a  complex  instrument  resembling  ■ 
Siberian  hunting-horn ;  but  by  further  inqu 
discover  that  some  of  those  birds  that  h 
complex  and  varied  windpipe  have  no  cry  t 


But  there  it 


>  still  i 


o  their  lungs,  but  through  i , 

of  air-cells,  composed  of  fine  membranes  wti 
woven  with  all  the  viscera.  The  heart  is  I 
•ucb  a  cell.  Two  great  cells  are  attached 
Mad  in  the  same  manner  are  all  the  Viscera 
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men  interspersed  with  air-cells,  and  these  all  con 
cate.  The  air  thus  admitted  into  the  interior  of  the 
extends  even  into  the  bones.  Naturalists  have  mi 
the  end  of  this  structure  when  they  have  represe 
as  a  developement  of  the  respiratory  organs.  It 
to  make  the  function  of  respiration  more  perfe< 
the  air  enters  so  extensively  into  the  body  ;  as  a 
of  which,  the  air  in  the  bones  of  the  head  is  su 
through  the  nasal  cavities  and  Eustachian  tubes 
pendently  of  the  lungs  altogether.* 

Mr.   Hunter  has  shown  us,  that  in  many  bir 

internal  air-cells  communicate  with  the  exterior  c 

membrane,  especially  in  the  neck  and   axilla, 

marks  an  analogy  with  the  air-cells  under  the  t 

"the  bat.     Winged  insects,  too,  have  their  bodi 

■tended  by  air-cells  communicating  with  their  resp 

apparatus.     These  facts  sufficiently  evince  the  ob 

Jxature  in  this  extension  of  the  air-cells :  that  it 

dor  the  purpose  of  breathing,   but  for  cnlargir 

'volume  of  the  body  without  increasing  the  weight 

We  must  observe  the  very  peculiar  mechanism 

Irird's  respiration.     The  breastbone  or  sternum,  i 

*he  whole  length  of  the  animal's  body,  and  the 

central  spine  of  that  bone  called  the  keel,  rises  f: 

m>  as  to  give  lodgment  and  attachment  to  the 

Xnuscles  of  the  wings.     It  will  be  easily  undcrstoc 

Naturalists  distinguish  birds  of  passage  by  the  ; 

;    "the  keel  (crista),  since  its  greater  prominence  i 

strength  of  wing  for  long-continued  flight.     Und 

.    fcreast-bone,  and  betwe#3i  it  and  the  back-bone,  m 

*  Oeive  the  space  occupied  by  air-cells.      The  lun 

Hie  behind ;  and  by  the  motion  of  the  bone  a, 

££reat  bellows,  the  air  is  drawn  through  the  lung 

*-irough  the  windpipe,  c,  into  the  cells  d,  e  ;   a 

^^flfectually  oxygenating  the  blood  in  the  lungs,  s 

^^etring  the  air  within  the  recesses  of  the  body. 

2*  tie  next  thing  remarkable  is  in  the  vertebrae  o 
"^^-toi*  the  backbone  is  in  its  constitution  unlike  t 

*  Mr.  Hunter's  *  Animal  Yjconomx? 
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if 

«i 

M 

III 

|_ 

"■j 

tY.--': 

man  or  quadruped*.    The  back  b  firm  and  the  i 

oitromiiy  loose  and  moveable.      The  flnt  i*  btei 

"nded  to  give  a  filed  origin  to  the  nmadea  i 

",  and  the  Mcond  to  afford  motion  to  th«  tail. 

oe  winga  they,  name  or  propel  tbonMeWea,  I 

«U  *>  *-■>  flight    Wo  peed  hard 

feaa  (MUST*  A  KMMm  ox 


_«jutus ;  in  birds  the  centre  is  between  the 

•VlllgS. 

If  our  reader  has  followed  us  in  these  details,  he  will 
acknowledge  that  there  cannot  be  a  more  curious  instance 
of  a  change  and  adaptation  of  the  whole  system  of  the 
living  body  to  the  external  elements,  than  is  to  be  found 
in  the  system  of  birds. 


r? 
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move  with  the  change  of  the  position  of  the  egg.  But 
the  axis  being  below  the  centre,  it  must  turn  round  with 
every  change  in  the  position  of  the  egg,  whether  tho 
globe  be  heavier  or  lighter  than  the  surrounding  white: 
were  it  heavier,  it  would  revolve  so  as  to  bring  the  em- 
bryo to  the  lower  part  of  the  shell — were  it  lighter,  to 
the  upper  part  of  the  shell.  It  is  lighter,  and  the  mat- 
ter stands  thus : 


X  A,  is  the  white  of  the  egg;   a,  the  yolk;  c  c,   the 

treddlea  or  chalazcs ;    that  tough  matter  which  we  find 

in  eating  an  egg  little  boiled.     Each  of  these  bodies  ii 

connected  with  the  white,  and  attached  at  a  point  to  the 

jollt.     The  yolk  being  as  it  were  anchored  at  these  two 

points,  and  the  attachments  being  below  the  centre,  and 

the  yolk  being  lighter  than  the  surrounding  white,  it 

revolves  like  a  buoy,  and  the  cicatricula  containing  the 

embryo  d  is  thus  kept  always  uppermost. 

Xf  "  the  chicken  roosting  on  its  perch  be  related  to 

**&   mass  of  the  globe  and  the  earth  itself,"  as  our  author 

*»w   affirmed,  what  may  we  say  of  the  revolution  %<&bi% 

**»    -wiHiin  the  egg  ? 

1>a 
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X. 

OF  THE  TEBTH  OF  AXI1UI8 — THUB  KBCKAXICAL 


The  teeth  form  naabject  of  motkjkigher  interest  thai 
will  at  first  be 'Manly  ima^ned,  IBpin  is  bo  part  of  a 
animal  bodyiAere  *  contnyance  Via  «a^re  distinctly  <k- 
monstrated,  or  ia  which  a  TeaenrittMiB)  is  more  ooriosi 
between  the  maehnmanvof  eag^SMNalt  the  provision!  is 
the  animal  meetsnasaa.  ftqajaaajsjilnstroinent  were  to 
be  ingeniously  cuutiifed  In  aarislai  «n  adpe. .or  to  diva* 
like  a  pair  oi  shear*,.or 'to^gnaat'flkB  avnmli-atond,  or  to 
hold  like  a  mousetrap,*  or  to  tear,— whltt*  after  a  perisi 
of  working,  would  be  the  condStien  ef  these  inechineft? 
Would  not  the  edge  be  blunted— the  sharp  points  be- 
come rounded — the  grinding  surface!  smoothed  ?  sal 
would  not  the  teeth  of  the  machine  he  driven  tteep into 
the  sockets,  and  so  render  it  wholly  useless?  Bat  n> 
thing  of  this  kind  takes  place  in  the  teeth  of  aniimh 
They  are  perfect  for  their  purpose,  and,  if  duly  exer- 
cised, last  the  natural  term  of  life,  however  the  penal 
of  natural  decay  may  vary  in  different  animals. 

To  commence  with  the  manner  in  which  the  teeft 
resist  pressure  into  the  jaw.  If  we  look  to  the  teeth  at 
the  Hon,  we  find  their  roots  conical  and  socketed,  as  ff 
a  nail  were  driven  in ;  and  so  it  is  in  the  remarkabfy 
strong  teeth  of  the  hyaena. 

Now  these  animals  have  powerful  muscles,  closing  thf 
jaws  with  a  force  to  break  the  strongest  bone.  How  * 
it,  then,  that  the  teeth  are  never  pressed  deeper  into  tai 
jaw  ?    For  undoubtedly  this  would  be  the  effi^st  in  B 


ne  so  constructed  by  man's  ingenuity.  The  reason 
hat  there  is  a  living  property  in  the  teeth  and  jaw, 
rhich  the  former  are  made  to  protrude  from  their 
ets,  in  proportion  to  the  pressure  to-  which  their 
rns,  that  is,  their  exposed  parts,  are  subjected.  It 
;ry  remarkable  that  the  teeth  during  their  period  of 
vth,  notwithstanding  they  are  exposed  to  the  pressure 
□astication,  will  uaeend  or  protrude  more  and  more 
of  the  j*w ;  ana1  whan  fully  grown,  they  will  remain 
onary  and  on  ■  level,  if  subjected  to  the  natural 
isure  of  mastication ;  bat  without  this  they  will  rise 
high,  project,  and  at  last  fall  out.  It  is  on  this  prin- 
e,  that  if  we  lose  teeth  in  one  jaw,  we  lose  them 
oth  ;  and  there  are  no  means  of  preventing  the  loss 
hese,  but  by  such  mechanical  substitutes  as  shall  re- 
e  them  to  their  due  exercise.  And  yet  Nature 
lines  the  law  with  perfect  case,  and,  as  it  were,  at 

Let  us  take  an  example ; 
'he  front  teeth  of  the  horse  are  called  "  nippers  ?' 
r  meet,  and  crop  the  herbage.  As  the  horse  is  a 
stable  feeder,  he  must  grind  with  his  back  teeth,  and 
ng  this  act  the  front  teeth  must  participate  in  that 
ding  motion.     We  shall  presently  tee,  Wfl  iJne-j  v 


protected  against  this  attrition.  Bat  in  the  nnni 
animals,  those  which  chew  the  end,  there  ii  *  need 
for  *  more  thorough  grinding  of  the  food,  whilst  at 
Mine  time  the  front  teeth  mint  »— w  their  edge. 
tliis  purpose  the  teeth  are  wanting  in  the  "fore  pert  o! 
upper  jaw,  end  then  ii  only  a  ctiabibnj /which  etna 
and  holds  the  gnu  agaiiutthe  eagunf  Hie  lower* 
bo  that  it  is  cot,  as  with  a  sickle,  by  »  smart  twite 
motion  of  the  head.  Thin  the  front  teeth  undergi 
attrition.  Now,  although  there  be  no  teeth  in  the  u 
jaw,  those  below  do  net  rise  or  beeoane  locee,  as 
certainly  would  in  man,  or  in  any  other  animal,  no 
the  class  of  ruminants.  This  reasoning  will  be  t 
satisfactory  than  the  statement  at  p.  326  of  vol.  ii.  ' 
objects  are  here  attained ;  first,  that  the  cutting'  teetl 
preserved  sharp;  and,  in  the  second  place,  these  t 
differ  in  their  condition  from  ours,  since  tliey  dp  not 
in  consequence  of  wanting  opponent!. 


[The  flBi 


In  the  class  of  rodentia  or  gnawere,  the  front  1 
must  cut  with  a  sharp  edge.  We  know  how  this  is 
trived  in  the  tool  of  the  carpenter;  and  we  know 
that  he  must  from  time  to  time  apply  his  chisel  to 
grindstone.  The  front  teeth  of  the  beaver,  the  pi 
'ie,  and  the  rat,  are  sharp  and  jet  not  blunted  by 
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one  of  the  tooth  is  the  densest  possible,  consisten. 

the  material ;  but  were  the  whole  tooth  of  the  same 

rial,  it  would  be  ground  down  uniformly,  and  the 

oal  form  of  the  instrument  would  be  lost.    Accord- 

',  a  different  substance,  the  enamel,  which  yields 

slowly  to  attrition  than  the  bone  of  the  tooth,  is, 

were,  let  in  on  the  anterior  surface  of  the  tooth. 

consequence  is,  that  the  enamel  stands  up  sharp  and 

sed,  so  as  to  protect  the  bone  of  the  tooth,  and  to 

the  surface  which  is  worn  down  a  certain  shape, 

hat  original  shape  suited  to  cut  like  an  adze.     1  he 

;ion  and  the  arrangement  of  the  material  of  the  tooth 

ir  correspond,  that  the  cutting  form  is  preserved, 

jver  much  the  surface  may  be  worn  down. 

ow,  a  tooth  cannot  grow  ;  and  as  we  have  seen  that 

wasted  by  friction,  how  is  the  cutting  edge  to  retain 

lace  ?    When  the  steel  plate  of  the  carpenter's  plane 

reed  in  by  repeated  taps  with  his  hammer,  he  pro- 

the  sharp  edge,  and  when  it  is  elevated  above  the 

■j  in  a  just  degree,  he  fixes  it  there  by  a  smart  blow 

le  wedge ;  but  the  cutting  edge  of  the  chisel-like 

<rs  of  the  rodentia  is  still  more  finely  adjusted. 

the  first  place  the  tooth  is  very  long,  extending  the 

length  of  the  jaw,  and  it  is  of  a  curve  not  easily 

>ed,  not  partaking  of  any  section  of  a  cone  ;  still 

adapted,  that  the  cutting  edge  meets  its  opponent 

md,  although  incessantly  wasted,  it  is  accommo- 

>  the  growing  jaw.     We  have  said  that  a  tooth 

t  grow.     It  does  not  grow  like  a  bone,  but  some- 

ditions  arc  given  to  it  at  the  root ;  such  is  the 

this  class  of  animals :  the  tooth  of  the  gnawer  is 

hod  on  along  the  jaw,  owing  to  the  growth 

ace  at  its  root  and  in  its  proper  curve ;  so  that 

g  edge  is  protruded  in  proportion  as  it  is  wasted 

icess  of  attrition  and  sharpening.     This  is  a 

rrowth  which  takes  place  in  no  other  animal's 

th. 

now  observe  how  the  grinding  surface  of  the 
herbivorous  animal  is  composed.  It  must  be 
cgular,  so  as  to  catch  the  gram,     X  ferootita. 


OR  H1MUL  THSfflfcCMF. 

rtillitone,  for  example,  wou\d  not  ljniise  tSx^  g^ 
meal.  The  burr-stone,  accordingly,  ia  Knight 
nether  millstone.  This  stone  conbuna  na](  port 
feldspar,  imbedded  in  a  softer  material ;  and  tins 
ever  the  nrrfaoe  may  be  ground  down,  the  bird 
terial,  by  yielding  lew  easily  to  friction  than  the 
projects  above  the  general  level,  and  preserves  a 
neat  of  the  surface  even  whilst  it  ia  yielding'.  Itiat 
so  with  the  tooth  of  a  gramiuivorona  animal.  It  i 
pond  of  alternate  layers  of  the  hardest  bone,  or  n 
ivory,  and  a  denser  material  aril],  the  enamel.  Tl 
sequence  of  this  inequality  in  the  compogition  i 
notwithstanding  the  anrface  of  the  tootli  ia  worn 
the  roughness  ia  preserved. 
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There  is  something  curious,  too,  in  this  irregular 
awing  that  it  is  as  far  as  possible  from  accident.     1 
«8  of  enamel  which  stand  up  differ  in  their  arrant 
*nt  according  to  the  motion  to  be  given  to  the  jaw. 
9  horse  and  cow  these  ridges  run  parallel  with  the  ja.\ 
i  consequently  lie  across  the  direction  of  the  motic 
chewing,  which  is  from  side  to  side.    In  the  rodentii 
the  other  hand y  the  line  of  the  enamel  of  the  grinding 
rth  runs  transversely  to  the  jaw ;  and  in  masticatior, 
a  jaw  is  drawn  backwards  and  forwards,  not  laterally. 
lis  original  composition  of  a  grinding  tooth  is,  there* 
e,  superior  to  the  best  millstone.    The  roughness, 
rich  is  so  like  a  thing  accidental,  is  found  to  proceed 
mi  an  arrangement  in  accordance  with  the  motion  of 
tatication.     It  might,  in  like  manner,  be  easily  demon- 
ated  that  there  exists  a  similar  accordance  with  the 
in  of  the  jaw  and  with  its  articulation ;  but  the  in- 
inces  already  given  of  adaptation  may  suffice. 
Before  leaving  the  .subject  of  the  provisions  against 
;  wasting  of  the  teeth  by  friction,  there  are  one  or  two 
?umstances  of  a  very  interesting  nature  to  be  noticed. 
e  elephant  is  a  graminivorous  animal,  and  requires  to 
id  its  food  very  thoroughly.     What  then  must  be  the 
'ision  in  the  grinding  tooth  of  this  animal  to  with- 
i  the  power  of  its  jaws  ?    We  find  the  teeth,  in  fact, 
ed  of  three  substances,  and,  .we  may  say,  of  a  struc- 
superior  to  the  teeth  of  the  lesser  graminivorous 
lis,  of  course  admirably  suited  to  resist  the  action  of 
ing.     But  there  is  a  circumstance  peculiar  here, 
ugh  the  matter  of  the  tooth  once  formed  does  not 
e,  an  alteration  in  the  position  of  the  tooth  in  the 
lay  produce  a  similar  result.     When   the  great 
tg  tooth  of  the  elephant  appears  first  above  the 
e  anterior  corner  only  projects ;  but  as  that  be- 
vorn  down,  the  tooth,  by  revolving  on  its  centre, 
•  in  slow,  but  regular  succession,  more  and  more 
urface,  guarded  with  new  plates  of  enamel,  until 
last  worn  to  the  roots.     Here,  then,  we  have  a 
extraordinary  provision  against  attrition  in  the 
an  animal  which,  lives  to  &  gre%£  «%<&.    Tb£ 
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structure  of  the  tooth  itself  has  a  very  large  projiortic 
of  enamel,  in  dense  and  regular  ridges ;  but  as  i/  th 
material  of  the  teeth  could  be  brought  to  no  greaterper 
feclion  to  withstand  the  chewing,  it  is  "  contrived,  j« 
we  have  licence  for  such  language  in  our  author,  that  the 
tooth  itself  shall  undergo  a  revolution,  not  being  simply 
elevated  from  the  jaw,  but  turning  on  an  axis. 

There  are  other  modes  in  which  Nature  coantencsi 
the  wear  and  tear  of  the  engine ;  and  the  provisioi 
which  we  have  now  to  mention  supplies  not  only  a  sub- 
stitution of  more  perfect  teeth  for  those  that  are  injured, 
but  teeth  of  a  size  as  well  as  form  suited  to  the  grown* 
jaw.  In  the  crocodile,  for  example,  the  teeth  are  conka 
and  sharp ;  but  if  not  worn,  they  must  be  torn  away, 
and  there  is  a  necessity  for  a  succession.  It  is  thus  pro- 
vided :  under  the  exposed  tooth  there  is  another  one 
lodged,  of  the  same  shape ;  and  under  that  a  second  and 
a  third.  Each  tooth,  as  it  is  deeper  in  the  jaw,  is  larger 
in  its  base,  and  longer  and  stronger.  So  it  happens,  that 
when  a  tooth  is  torn  off,  it  is  only  the  uncapping  of  i 
sharper  and  a  stronger  tooth. 

The  same  end  is  attained  differently  in  other  creatures. 
In  the  rays,  such  as  the  skate,  and  in  the  shark,  the  suc- 
cession ot  the  teeth  is  still  more  curiously  managed.  Tbe 
jaws  resemble  a  part  of  a  cylinder,  studded  with  many 
rows  of  teeth.  The  teeth  of  the  outermost  row  being  in 
use,  are  liable  to  be  torn  off  or  worn  down  ;  when  this 
occurs,  their  places  are  supplied  by  a  revolving  of  tbe 
solid  base  on  which  the  teeth  are  studded,  and  the  pos- 
terior ranges  advance  in  succession.  Here,  then,  we  not 
only  find  sharp  and  cutting  teeth,  like  those  of  a  saw, 
but,  corresponding  with  the  boldness  and  voracity  of  tbe 
animal,  we  see  a  provision  for  their  rapid  renewal. 

It  is  interesting  to  see  how  the  same  class  of  tiarts  may 
be  modified,  and  yet  retain  their  original  destination  « 
supplying  the  stomach  with  food,  and  preparing  it  for 
digestion.  What  teeth  could  we  suppose  suited  for  tbe 
whale  ?  Now  the  largest  species  of  whale  feed  upon  i 
small  molluscous  animal  which  abounds  in  the  noruusrn 
ocean.    The  teeth  are  here,  we  may  say,  converted  into 
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ice  like  horn,  with  which  we  are  familiar  under 
3  of  whalebone.  They  consist  of  plates  of  this 
ne  attached  to  the  upper  jaw,  and  placed  in  rows 
uter  margins.  Their  loose  edges  terminate  in  a 
s  if  the  plates  were  split  and  teased  into  shreds ; 
is  undoubtedly  for  the  purpose  of  retaining  the 
r,  while  the  water  is  drained  through  their  in* 

s  curious  apparatus  there  is,  of  course,  no  neces- 
rreat  strength  in  the  jaw,  nor  for  very  powerful 
to  move  them.  The  head  of  the  animal  needs 
efore,  be  denser  in  its  texture,  nor  less  buoyant 

rest  of  the  body.  What  would  be  required  if 
le  species  had  jaws  or  teeth  at  all  corresponding 
r  size  ?  They  could  not  lie  horizontally ;  their 
lid,  from  its  weight,  be  depressed,  and  their  tail 

towards  the  surface  of  the  water.  We  need 
ever,  strain  our  ingenuity  to  say  what  would  be 

for  Nature  has  demonstrated  how  this  defect  is 
ledied.  The  spermaceti  whale,  which  has  teeth, 
cavities  in  its  head  filled  with  a  material  much 
han  water,  the  spermaceti ;  and  this  counter- 
3  weight  of  the  teeth  and  jaws,  and  restores  the 
im  of  this  cetaceous  animal, 
ive,  perhaps,  said  enough  on  this  part  of  our 

But  as  we  have  seen  how  strangely  the  teeth 
•e  adapted  to  their  office  of  cutting  and  grinding, 
bserve  that  they  are  sometimes  adapted  to  dif- 
rposes. 

mmon  classification  of  the  teeth  is  into  incisors, 
id  molar  or  grinding  teeth.  Let  us  take  our 
from  the  canine  teeth.  In  man  they  are  of 
£th  and  strength ;  their  fangs  project  deep  into 
•  jaw ;  they  are  called  the  eye-teeth,  and  they 
ustain  and  give  strength  to  the  range  of  the 

In   the  carnivorous  animal   they  are  called 
;"  they  are  for  tearing  and  holding,  for  which 
icrc  is  a  correspondence  between  them  and  the 
aws. 
sks  of  the  elephant  are  of  t3a\&  <tasa*  «sA  \afc- 
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twecn  these  the  tender  trunk  is  protected.  In  the  1 
the  canine  teeth  project,  and  become  powerful  hut 
ments,  not  for  biting,  or  holding-,  or.  tearing,  but 
rending,  or  rather  cutting;  that  is,  th*  whole  fir" 
the  animal  in  its  ruth  is  directed  to  tfnw  effect  to 
tusk.  So  little  are  the  tuaka  calculated'  for  biting,  I 
the  tusk  of  the  lower  jaw  cloaea  in  Dpem  thalof  theif 
3  support  its  base,  m 


'^Z 

commensurate  to  the  power  and  imp-- 
But  we  must  not  suppose  that  tiio  tuaV 


frire  it  WW 

m  of  the  aw 

soWj-ta 
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purpose  of  offence.    The  strength  and  the  power  of  the 

neck,  of  the  boar  is  mainly  for  the  purpose  of  ploughing 

up  the  earth  and  rooting  up  herbs  by  means  of  its  tusks. 

In   some  animals,  as  the  babyroussa,  this  tooth  rises 

and  twists,  so  as  to  make  it  at  first  sight  appear  useless. 

Certainly  the  tusk  is  neither  for  holding,  tearing,  nor 

masticating  ;  jet  it  is  not  useless.     This  animal  escapes 

from  his  enemies  by  the  facility  with  which  he  rushes 

through  the  brushwood;  and  these  teeth  arc  curiously 

calculated  to  bear  aside  the  branches  and  to  protect  the 

-eyes. 

In  other  animals,  as  the  walrus,  the  canine  teeth  oi 
ihe  upper  jaw  become  tusks,  but  project  in  an  opposite 
direction  to  those  of  the  elephant.  They  enable  the 
animal  to  raise  itself  out  of  the  water,  by  holding  on 
*ipon  the  rock  or  iceberg,  as  the  parrot  steadies  himself 
by  the  bill. 


f 
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AND    OSOWTJI     or    TEETH. 

rebly  these  instruments  have  bj 
lapted  to  their  several  oaei,  the  reader  must  be  rarl 
I  know  how  they  arc  produced— how  they  are  romn! 
Bred  with  so  fine  a  "  prospectiEe  contrivance."  Til 
Bfierent  substances  are  exposed  on  making  the  secti» 
■tooth;  viz.  ivory,  or  She  boneof  the  tooth— theaul 
pieh  is  very  hard,  and  breaks  with  a  vitreous  fractim 
Id  a  substance  dinerin^  in  some  rvsjiects  from  both,l 
mich  English  anatomists  bare  called  crustn  jietrosi,! 
vier  cement.  These  three  substances  ore  not  fort 
_  every  tooth.  Snme  taeth  coniitt  entirely  of  the  bi 
I  ivory,  as  those  of  trie  porpoise  ind  holt le.- nosed  wV 
M  man,  and  in  the  carnivorous  animals,  the  bone  is^"" 
Bred  with  enamel,  and  in  the  graminivorous  and  n 
pit  animals,  all  three  subgtancea  are  found. 


I  In  the  chapter  on  bone,  it  hag  been  shown  ta 
ure  must  be  loose  to  admit  blood-vessels  ;  for  bt 
■ished  and  uiii1itl'i«'s  changes  -hrough  the  ii 
die  circulating  blool  in  it.  But  die  almost  M 
■nsity  of  tlu:  teeth  does  not  adroit  of  circulation  wi 
;  yel  tlicy  pussess  life,  and  tlirfiufili  ilial  priiif'i 
union  with  the  cum  and  jaw.  A  dead  tooth, b 
Hire  and  perfect,  when  thrust  into  the  socket  uf 
■■■in.:!  ■  ;!rn  mi  longer  than  would  a  peg  of  ** 
f  mctul.      It   causes  inflammation  and  pain,  aa& 

It  Rnoid  be  a  difficult  CjucalioaW  Avow.  Vmjomsi 
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life  to  be  the  result  of  organization  to  solve,  how  a  prin- 
ciple of  life  should  exist  for  a  term  of  years,  giving  rise 
to  a  sympathy  and  union  with  the  jaw,  in  a  part  like  the 
bone  of  a  tooth,  which  has  neither  what  they  call  organi- 
zation nor  any  circulation  of  blood  in  it.  Here  we  have 
one  of  those  inscrutable  qualities  of  life  which  makes  phy- 
siology a  science  distinct  from  all  others ;  and  it  is  an 
example  of  there  being  adaptations  far  more  admirable 
than  merely  mechanical  appliances. 

But  we  were  about  to  show  how  the  different  portions 
of  a  tooth  are  formed.  In  the  jaw  of  the  young  animal 
ii  sac  is  discovered,  which  contains  the  rudiments  of  the 
tooth.  On  opening  the  sac,  we  think  we  see  the  tooth, 
bat  it  is  only  a  body  of  the  form  of  the  crown  of  the  tooth, 
and  is  soft  to  the  touch.  This  is  called  the  pulp  of  the 
tooth  ;  although  pale  at  first,  at  a  stated  period  it  becomes 
fall  of  blood,  and  then  the  bone  of  the  tooth  begins  to  be 
formed ;  and  now,  on  touching  it,  we  can  lift  from  it  a 
delicate  shell,  which  is  at  once  of  the  form  of  the  pulp, 
and  of  the  perfect  tooth.  The  process  thus  begun  is  com- 
pleted by  the  secretion  of  successive  strata  from  the  sur- 
face of  the  pulp,  until  the  bone  of  the  tooth,  which  was 
at  first  a  mere  scale,  becomes  a  dense  body,  with  a  small 
cavity  and  tube  leading  to  it ;  and  the  pulp,  which  was 
of  the  size  and  shape  of  the  tooth,  shrinks  to  a  mere  shred, 
containing  a  nerve  and  vessels. 

Thus  the  original  use  of  the  pulp  is  changed  :  but  it 
remains,  serving  an  important  purpose  ;  for  by  sustaining 
a  sensible  nerve  within  the  tooth,  it  extends  a  degree  of 
protection  to  it.  The  teeth  are  sensible  to  what  we  mas- 
ticate ;  they  are  sensible  to  the  smallest  particle  of  sand, 
and  so  are  they  to  the  degrees  of  heat.  This  sensibility 
is  necessary  to  their  protection,  and  to  the  continuance  of 
their  vitality,  yet  the  sensibility  is  not  in  the  substance  of 
the  tooth,  but  in  the  nerve  within ;  and  the  density  of 
texture  of  the  tooth  becomes  a  medium  through  which 
both  mechanical  vibration  and  heat  are  readily  communi- 
cated to  the  nerve. 

We  have  seen  how  the  bone  of  the  tooth  is  &ectete&\y$ 
the  pulp.     The  enamel  is  formed  diffeTenWy .    TYv*  «aR* 
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which  cover?  the  whole  pulp  and  rudiments  of  the  t.  cr*«v/ 
has  a  fine  organization,  as  displayed  bytheartc^>^*  ^ 
anat(  mist,  and  its  inner  surface  throws  out  a  fluid  v^-  \^ 
falling  on  the  surface  of  the  bone  of  the  tooth  (aV  -rra^y 
formed  by  the  pulp),  there  concretes,  or  undergoes  jjpg^. 
cies  of  crystallization,  and  hardens  into  enamel. 

The  difference  between  the  bone  and  enamel  of  atoour*.^ 
that  is,  between  what  is  formed  by  the  pulp  and  by  to*  ^. 
sac,  is  shown  by  a  very  simple  process.     When  a  tooffl 
is  immersed  in  diluted  nitric  or  in  muriatic  ^>v 
enamel  is  dissolved  with  effervescence,  and  iscompj^ 
carried  away  ;  but  when  the  earth  of  the  bony  part  is* 
solved,  it  leaves  behind  it  a  cartilaginous  matter,*™*  ^^. 
constituted  a  part  of  the  bone  of  the  tooth.    In  it*  "*" 
nrical  composition  the  bone  of  the  tooth  resembles  J* 
bone  of  the  skeleton,  though  not  strictly  and  a^*00*^' 
as  it  wants  the  vascularity  of  true  bone ;  it  is  thereto 
with  more  propriety,  called  ivory.  , 

We  have  still  to  explain  how  the  compound  teeth  * 
the  vegetable  feeders  are  formed.     Now,  if  we  c010?* 
hend  the  means  employed  in  the  simple  tooth,  ve  fr  ,     .... 
have  little  difficulty  in  understanding  this.     The  ppjj  *i?n  a 
divided,  and  consists  of  parallel  layers  joined  belo^M*  h*..^. 
free  above,  and  with  considerable  interstices.    *"** 
divisions  or  processes  of  the  pulp  secrete  the  ivory  Up* 
their  surfaces,  by  which,  of  course,  plates  of  this  den* 
material  are  formed  on  each  side  of  the  soft  processes*  l^'-ot 
tongues  of  the  pulp.    There  will  therefore  be  doublet* 
number  of  plates  of  bone  that  there  are  processes  of  v 
pulp. 

Lach  plate  of  bone  must  be  covered  or  invested  with 
enamel.    This  is  effected  by  folds  or  projecting  proeessei 
of  the  capsule  or  sac,  which,  hanging  from  above,  inter- 
vene between  the  plates  of  bone,  and  there  perform  their 
peculiar  secretion,  depositing  the  enamel.     But  it  would 
appear  that  these  processes,  becoming  at  length  tiehtly 
embraced  by  the  plates  of  enamel  which  they  have  them- 
selves secreted,  throw  out  a  less  perfect  material,  a?  it  * 
were ;  thh  is  called  the  crusta  petrosa  or  cement.   When 
the  tooth  thus  formed  rises  above  \Xve  ^tm,  isA\«W& 
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i  wears  down  a  part  of  it,  the  interstices  caused  by 
asted  processes  of  the  septa  of  the  sac  are  exposed, 
le  food  is  crammed  down  into  these  crevices,  and 
on  making  a  section  of  the  tooth  we  may  discover 
xbstances,  ivory,  enamel,  crusta  petrosa,  and  foreign 
*,  in  alternate  layers, 

w,  contemplating  the  slow  formation  of  the  teeth 
jet  deep  in  the  jaw, — their  curious  mode  of  growth  f 
k1  to  the  form  of  the  jaw, — the  articulation  of  the 
ith  the  heady? — the  position  and  powers  of  the  mus- 
fcaat  are  to  move  the  jaw,  with  the  means  to  be 
yed  by  the  animal  in  gathering,  masticating,  and 
big  its  food, — we  can,  desire  no  more  absolute  proof 
>spective  contrivance  and  design.  Were  we  to 
farther,  we  have  only  to  compare  these  mechanical 
noes  with  the  instincts  and  propensities  of  the 
Is. 

ire  is  but  one  thing  more  worthy  of  attention  in  the 
than  their  mechanism,  we  mean  their  vital  proper- 
Is  it  not  a  wonderful  thing  to  see  the  jaw  of  the 
with  a  ridge  upon  its  gums,  harmless  to  the  nipple ; 
hen  at  the  time  when  the  powers  of  digestion  vary, 
ecome  suited  for  stronger  food,. to  find  sharp  teeth 
a  range  of  them  having  been  provided,  which  when 
developed  are  in  exact  accordance  with  the  size  and 
of  the  jaw  of  the  child  ?     Can  any  one  tell  us  how 
■  teeth  should  waste  at  an  appointed  time,  to  give 
'  to  others  of  stronger  form  and  of  larger  dimensions 
inning  to  the  adult  jaw-bone  ?    The  phosphate,  car- 
le, and  fluate  of  lime,  do  not  differ  in  these  mflk- 
,  or  deciduous  teeth,  and  in  the  adult  teeth ;  yet,  by 
ret  process  of  decay,  the  first  fall  out  in  the  period 
Id  hood,  and  the  second  last  a  long  lifetime. 
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OF  THB  MOUTH. 

Que  author  has  said  that  everything  in  the 
the  mouth  is  mechanical,  and  he  hat  given  » 
ive  view  of  the  varieties  of  the  mechanism  in  4ner 
and  bills  of  animals.    But  so  far  from  exhoaatii 
ject,  he  has  left  some  of  die  most  interesting  _ 
untouched.    In  man,  the  month  is  not  flat  beccotehei 
hands,  but  because  it  is  a  part  of  that  appsrratos, 
the  most  curious  and  important  of  all  me  bodily 
tures, — the  instrument  or  speech.    In  that  fight  w< 
presently  take  it  up  separately,  not  doubting  that  it 
reward  the  reader's  attention. 

Let  us,  in  the  meantime,  consider  some  of  the 
properties  of  the  mouth ;  and  first,  of  the  moat 
parts,  the  lips.  Nothing  serves  better  to  make  us  apprt*' 
ciate  the  blessings  we  enjoy,  than  examining  the  orgpai* 
zation  of  a  part  which,  from  its  familiarity,  and  theabs* 
lute  perfection  of  its  action,  we  neglect  or  think  metflfy 
of.  The  lips  receive  the  food,  and  aid  in  masticatioa^ 
they  are  a  principal  part  of  the  organ  of  speech ;  they  J 
expressive  of  emotion ;  they  are  the  moat  acutely  sensil 
to  touch.  But  all  this  never  moves  our  suipiisu  or  t*V 
miration. 

If  we  know  anything  of  muscularity,  we  mart  press**! 
that  there  is  a  concourse  of  fine  muscles  converging  tonW 
lips  and  surrounding  them.  But  what  gives  the  lips  tkr 
sensibility  ?  This  was  a  question  early  suggested:  to  as 
in  my  investigations  on  tne  nerves;  when  experhassj 
showed  that  one  nerve  went  to  the  lips  for  senaatioss*** 
another  for  motion.  The  vermilion  surfaces  of  A*  to 
possess  their  exquisite  sensibility  through  inmate  and  is* 
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tie  villi,  into  which  the  extremities  of  the  sensitive 
rve  are  distributed :  and  these,  being  covered  only  by 
uticle  the  most  thin  and  transparent,  afford  the  ready 
itrument  of  touch.  We  see  now  the  child  uses  the 
s,  as  giving  him  his  first  information  of  the  qualities  of 
dies. 

It  is  certainly  an  unexpected  thing  to  find  that  two  co- 
nizations totally  distinct,  combined  in  the  lips,  should 
i  necessary  to  the  simplest  act.  If  the  nerve  of  motion 
cut  and  has  lost  its  function,  the  animal  puts  its  lips  to 
e  grains  it  feeds  upon,  but  cannot  gather  them.  If  the 
rve  of  sensation  be  injured,  the  animal  presses  its  lips 
the  food,  but  wants  the  sensibility  by  which  the  mo- 
os of  the  lips  should  be  directed.  These  facts  show 
it  whilst  sensibility  and  motion  are  distinct  faculties  and 
pend  upon  different  nerves,  they  are  necessarily  com- 
ied  for  so  simple  an  act  as  taking  the  food  into  the 
juth.  We  thus  daily  see  that  in  paralysis,  sometimes 
e  property  is  lost,  sometimes  another ;  a  circumstance 
»t  important  to  the  physician. 

As  connected  with  our  present  subject,  it  is  a  strange 
ing  to  see  that,  whilst  a  person  may  have  every  capa- 
y  for  motion  in  the  lips  and  tongue,  he  will  have  the 
xrsel  remaining  in  the  mouth  without  knowing  it.  The 
st  instance  I  found  of  a  defect  in  the  lips  exactly  similar 
that  produced  by  cutting  the  nerve  of  sensation  on  one 
e  of  the  face,  was  in  a  gentleman  who,  being  under  the 
ads  of  his  dentist,  had  the  nerve  of  sensation  hurt  by . 
;  pulling  of  a  tooth :  and  having  a  glass  of  water  given 
him,  remarked  that  the  glass  was  a  broken  one :  the 
t  being,  that  the  portion  of  the  tumbler  in  contact  with 
b  half  of  his  lips  was  not  felt  at  all,  which  gave  him  the 
ne  sensation  as  if  a  bit  of  the  glass  had  been  broken 

We  might  show,  in  the  lower  creatures,  an  infinite 
riety  in  the  forms  of  the  mouth ;  but  even  in  the  mam- 
ilia,  we  may  perceive  that  the  lips  are  projected,  and 
re  a  power  almost  like  that  of  the  hand.  The  horse. 
s  great  power  in  his  lips.  The  cameV,  ftvfc  <&L,,\saX 
>re  especially  the  rhinoceros,  have  a  stW\  gtfcfcVet  \stffcsv- 
vol.  ir,  -a 
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lity,  and  the  latter  has  a  very  fine  sensibility  in  the 
shaped  extension  of  its  upper  lip :  the  snoot  of  the 
and  the  trunk  of  the  elephant  belong  to  the  lips, 
than  to  the  nostrils.  We  have  the  least  equivocal 
of  this,  in  their  supply  of  nerves,  which  are  only  < 
largement  or  prolongation  of  those  nerves  which  i 
go  to  the  lips.  Nay,  we  may  state  a  feet,  perhaw 
pected  to  the  reader,  that  the  whiskers  of  animals 
oat  tribe  have  entering  into  their  roots  branches 
same  nerve  which  gives  sensibility  to  the  fins ;  s 
palpa  and  tentacula  in  the  lower  classes  of  animals 
Crustacea  and  insects,  however  different  these  orga 
appear,  are  known  to  belong  to  this  order  of  parts, 
same  proofs,  their  supply  of  nerves. 

We  might  be  tempted  here  to  speak  of  the 
birds,  had  they  not  already  attracted  the  attentior 
author.  We  shall,  therefore,  rather  fortify  his 
sions  by  attention  to  the  structure  of  the  tongue 
human  tongue  is,  no  doubt,  the  most  admirable  of 
organs.  We  might  have  very  obvious  proofs  of  k 
and  adaptation  in  the  long  rough  tongue  of  the  o 
the  still  more  curious  and  active  tongue  of  the  came 
or  in  the  tongue  of  the  insectivorous  animals,  th 
the  chameleon,  and  ant-eater,  or  in  the  variety  of 
instruments,  darts  or  saws,  sheathed  in  the  bills  of 
vorous  birds.  But  we  ourselves  have  an  organ,  1 
apparently  simple,  finer  than  all  these.  The 
tongue,  containing  muscular  fibres  in  every  possibl 
tion,  and  round,  soft,  and  mobile,  is  less  admirab 
organ  of  mastication,  of  taste,  or  touch,  than  as  th 
of  speech,  modulating  with  every  Dossible  vari 
sounds  issuing  from  the  windpipe.  On  the  upper 
of  what  is  termed  the  dorsum  of  the  tongue,  tt 
rough  papillae  which  in  some  measure  correspoi 
what  we  see  in  animals :  they  are  subservient  to  tl 
Some  of  them  have  a  mushroom-like  top,  and  a  st 
jecting  from  the  bottom  of  a  little  hollow,  and  tl 
sapid  particles  of  the  food  lodge,  and  prolong1  <nc 
ment  of  the  palate.  But  in  the  organization  of  the 
there  is  one  minute  point  of  stiuciwre  trot*  okvq< 
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rest.  When  the  papillae  are  examined  with  a 
ing  glass,  there  are  seen  certain  small  bodies,  con- 
>f  a  grey  sheath,  within  which  there  is  a  little  red 
and  this  point  is  capable  of  erection,  thus  project- 
becoming  the  organ  of  taste.  It  is  so  erected 
le  morsel  is  in  the  mouth,  or  when  we  are  in  the 
ite  anticipation  of  food.  There  are  other  more 
processes  studding  the  surface  of  the  tongue,  and 
ntain  the  extremities  of  nerves  which  are  sensible 
1.  It  must  surely,  therefore,  be  considered  an 
le  thing  to  find  so  many  faculties  seated  here,  each 
appropriate  organization,  and  each  most  curiously 
k(  with  other  structures — that  we  should  have  the 
f  mastication,  of  deglutition,  of  modulation  of  the 
le  senses  of  taste  and  of  touch,  concentrated  in 
irently  simple  organ. 

0  speak  of  other  relations,  can  thsre  be  any  better 
design,  than  the  effects  of  the  excited  sensibility 
ongue  ?  No  sooner  have  these  gustatory  points 
8  been  excited,  than  there  is  poured  out  into  the 
lost  abundantly,  by  four  distinct  tubes,  the  saliva, 

1  *  which  facilitates  mastication,  and  directly  pre- 
e  food  for  the  action  of  the  stomach.  And  how- 
1  we  might  imagine  such  a  supply  of  fluid  to  assist 
on,  this  is  not  all  that  is  here  done  in  preparation  ; 
it  the  morsel  is  moved  by  tongue,  and  lips,  and 
appropriate  fluid  is  collecting  in  what  appear  to 
irregularities  in  the  back  part  of  the  throat,  but 
re,  in  truth,  so  many  receptacles,  that,  pointing 
the  stomach,  give  out  their  contents  as  the  morsel 

is  one  curious  circumstance  which   we  may 

presume  that  the  fluid  is  chiefly  useful  in  mastica- 
te glands  are  large,  and  the  fluid  most  abundant  in 
hat  chew  the  cud.    In  all,  these  glands  are  so  dis- 

to  receive  gentle  pressure  from  the  motion  of  the 
hat,  whilst  their  vascular  apparatus  is  excited  by 
bilities  of  the  tongue,  the  fluid  is  urged  from  the 
the  pressure  of  the  jaw  and  muscles  Vhicta.  mweW- 

itself  is  neither  acid  nor  alkaline. 

tl2, 
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notice  before  quitting  this  subject.  Eating 
to  be  an  act  of  the  will,  and  attended  with  _ 
It  is  well  known  that  the  operation,  or  what  i»  «r 
nearly  the  same,  may  go  on  within  the  stooBch,  wntiioj 
any  outward  sign  at  least  of  pleasures  The  mud  (fiH 
which  we  are  most  familiar  in  fowls,  .though  it  be,  in&fc 
found  in  the  vegetable  feeders  of  the  different  cfaMM 
animals)  is  correctly  enough  described  as  an  org*  ' 
mastication,  in  which  there  is  an  incessant  and  alters^ 
action  of  opponent  muscles,  as  in  the  motions  offlj 
iaws.  In  the  stomach  of  the  lobster  we  hare  net 
the  muscles  of  mastication,  but  the  teeth  also :  so 
appears  the  function  may  be  performed  altogether 
ternally,  and  without  the  volition,  and  probably  ^ 
the  sensations,  that  accompany  the  offices  of  the 
We  mention  this,  as  drawing  the  reader  to  con 
that  many  organs  may  be  in  operation  in.  the 
economy,  without  our  consciousness. 


Our  author,  with  much  propriety;  from  time  to  tin 
adverts  to  those  changes  in  the  organization  which  sr 
commodate   the  animal  to  new  conditions.     Now,  ' 
terrestrial  animals,  the  act  of  swallowing  must  be 
modated  to  the  atmosphere ;  but  if  the  animal  lives 
water,  and  still  breathes  the  air,  the  structure  of 
parts  must  be  changed.    The  crocodile  seizes  its 
and  descends  into  the  water  with  it;     Its  power  of  i 
scending  does  not,  as  in  the  fohT  result  from  compri 
the  air-bladder :  but  is  owing,  as  we  have  shown,  to 
provision  in  its  ribs  and  lungs.     Unless  the 
could  expel  the  air  from  its  lungs  in  a  greater  d 
than  the  mammalia  are  capable  of  doing,  it  could  i 
crawl  upon  the  bottom,  nor  retain  its  place  there  wij 
out  continual  exertion.     There  is  an  adaptation  to 
mode  of  destroying  its  prey,  by  carrying  it  under 
in  the  mouth,  as  well  as  in  the  thorax  and  lungs 
crocodile  has  no  lips ;  it  lies  on  the  shore  basiing 
its  mouth  open,  and  flies  light  upon  and  crawl  into 
mouth.     Against  these  t\&  wt  touret  «xa  orotocted, 
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e  lips  and  sensibility  of  the  mouth,  but  by  an 
itus  which  separates  the  mouth  from  the  throat 
rindpipe.  This  partition  between  the  cavities  is 
lary  when  the  animal  seizes  its  prey:  for  as  it 
es  under  the  water  with  open  mouth,  the  air  tube 
3e  protected  against  the  ingress  of  the  water.  For 
urpose,  there  is  a  transverse  ridge,  arising  from  the 
of  the  bone  of  the  tongue,  which  raises  a  duplica- 
f  the  membrane  so  as  to  form  a  septum  across  the 
mrt  of  the  mouth ;  whilst  the  curtain  of  the  soft 

hanging  from  above  meets  the  margin  of  the  lower 
d,  and  they  form  together  a  complete  partition 
en  the  anterior  and  posterior  cavities.  Thus  the 
1  is  enabled  to  hold  its  prey  in  the  open  mouth, 
it  admitting  the  water  to  the  air  passages. 
:h  these  observations,  we  hope  the  reader  will 

to  peruse,  with  increased  interest,  the  conclusions 
1  stated  by  our  author,  vol.  ii.,  p.  110. 
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XIIL 


OF  HUNGER  AND  THIRST. 

For  very  sufficient  reasons,  we  have  preferred  takii 
illustrations  of  design  from  the  mechanical  struct 
the  body.  We  may  now  introduce  some  instances 
the  living  properties,  the  propensities  and  appetites 

Hunger  and  thirst  arc  in  truth  senses,  althougi 
seat  or  organ  is  not  easily  ascertained.  The  wants 
desires,  and  pain  accompanying  them  resemble  no 
sensations.  Like  the  senses,  they  are  given  us  as  i 
tors  and  safeguards,  at  the  same  time  that,  like  1 
they  are  sources  of  gratification. 

Hunger  is  defined  to  be  a  peculiar  sensation 
perienced  in  the  stomach  from  a  deficiency  of 
Such  a  definition  does  not  greatly  differ  from  the  n( 
of  those  who  referred  the  sense  of  hunger  to  the 
chanical  action  of  the  surfaces  of  the  stomach  upon 
other,  or  to  a  threatening  of  chemical  action  of  the  g 
juice  on  the  stomach  itself.  But  an  empty  stomach 
not  cause  hunger.  On  the  contrary,  the  time  whei 
meal  has  passed  the  stomach  is  the  best  suited  for 
cise,  and  when  there  is  the  greatest  alacrity  of  s] 
The  beast  of  prey  feeds  at  long  intervals  ;  thesnak 
other  cold-blooded  animals  take  food  after  interv 
days  or  weeks.  A  horse,  on  the  contrary,  is  a 
feeding.  His  stomach,  at  most,  contains  about 
gallons,  yet  throw  before  him  a  truss  of  tares  or  lu< 
and  he  will  eat  continually.  The  emptying  o 
stomach  cannot  therefore  be  the  cause  of  hunger. 

The  natural   appetite  is  a  sensation   related  t 

general  condition  of  the  system,  and  not  simply  refi 

to  the  state  of  the  sto\ua.c\\  \  wevther  to  its  action,  i 

emptiness,   nor  the  acidity  o1  \\a  csotasto\'tfK 
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creature  will  a  full  stomach  satisfy  the  desire  of 
Under  the  same  impulse  which  makes  us  swallow, 
linating  animal  draws  the  morsel  from  its  own 

• 

^er  is  well  illustrated  by  thirst.  Suppose  we  take 
lition  of  thirst — that  it  is  a  sense  of  dryness  and 
tion  in  the  back  part  of  the  mouth  and  fauces ; 
sterling-  of  these  parts  will  not  allay  thirst  after 
tigue  or  during  fever.  In  making  a  long  speech, 
's  mouth  is  parched,  and  the  dryness  is  merely 
making,  it  will  be  relieved  by  moistening,  but  if 
;  from  the  feverish  anxiety  and  excitement  at- 

a  public  exhibition,  his  thirst  will  not  be  so 
[.  The  question,  as  it  regards  thirst,  was  brought 
monstration  by  the  following  circumstance.  A 
ring  a  wound  low  down  in  his  throat,  was  tor- 
th  thirst ;  but  no  quantity  of  fluid  passing  through 
th  and  gullet,  and  escaping  by  the  wound,  was 
i  any  degree  to  quench  his  thirst, 
t,  then,  like  hunger,  has  relation  to  the  general 
n  of  the  animal  system — to  the  necessity  for 
the  circulation.  For  this  reason,  a  man  dying 
ss  of  blood  suffers  under  intolerable  thirst.  In 
rst  jhd  hunger,  the  supply  is  obtained  through 
ification  of  an  appetite ;  and  as  to  these  appe- 
will  be  acknowledged  that  the  pleasures  result- 
t  them  far  exceed  the  pains.  They  gently  solicit 
v ants  of  the  body :  they  are  the  perpetual  motive 
ng  to  action. 

hing,  as  we  have  seen,  is  even  more  directly 
y  to  life  than  food ;  but  to  this  we  are  differently 
hed.  An  appetite  implies  intervals  of  satiety 
fference.  The  uninterrupted  action  of  breathing 
•t  be  supported  by  a  perpetual  desire :  we  cannot 

such  a  uniformity  of  sensation.  The  action  of 
g  has  been  made  instinctive,  while  pain  and  the 
'  death  are  brought  as  the  only  adequate  agents 
ol  the  irregularities  of  a  function  so  necessary  to 
ain  does  here  what  desire  and  the  solicitalvow.  tf 

could  not  accomplish. 
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XIV. 


TTTJB  STOMACH  OF  THM  HOB8B. 

When  we  think  of  the  adaptations  of  animal 
the  different  conditions  of  living: creatures,  tne  ca**M 
ship  of  the  desert,  immediately  occurs ;  and  no  dfl 
it  is  highly  interesting  to  observe  how  this  ainaslj 
adapted  to  the  sandy  waste,  in  its  eye,  its  nostril, ' 
foot,  the  cells  of  its  stomach,  and  its  capacity  of 
ance.     But  it  is,  perhaps,  more  to  our  purpose  to. 
to  our  domestic  animals,  and  the  most  of  all  dV 
attention  is  the  horse. 

Of  all  creatures,  the  horse  has  the  smallest 
relatively  to  its  size.     Had  he  the  quadruple 
stomach  of  the  ox,  he  would  not  have  been  at  all 
ready  for  exertion :  the  traveller  could  not  have  1 
his  steed  and  resumed  his  journey.    The  stdsnach  rf 
horse  is  not  so  capacious,  even  when  distended,  as  toi 
pede  his  wind  and  speed ;  and  the  food  is  passing  i 
with  a  greater  degree  of  regularity  than  in. any 
animal.    A  proof  of  this  is,  that  the  horse  has  no 
bladder.     Most  people  understand  that  bile  is 
to  digestion ;  and  the  gall-bladder  is  a  receptacle  fhrti 
bile.     Where  the  digestive  process  is  performed  ■< 
large  stomach,  and  the  food  descends  in  larger 
and  at  long  intervals,  the  gall-bladder  is  necessary; 
there  is  that  sympathy  between  the  stomach  and 
bladder,  that  they  are  filled  and  emptied  at  the 
le.     The  absence  of  the  gall-bladder  in  the 
efore,  implies  the  almost  continual  process  of 
which  again  results  from  the  smallness  of1 

ch. 

otb**  brfty  in  fee ;  nan**  feftvwpnly  of  i 
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1  the  camel  drinks,  the  water  is  deposited  in  cells 
cted  with  the  stomach ;  but  if  a  horse  drinks  a  pail 
ter,  in  eight  minutes  none  of  that  water  is  in  the 
eh  ;  it  is  rapidly  passed  off  into  the  large  intestine 
le  caecum.  We  cannot  resist  the  conviction  that 
ariation  in  the  condition  of  the  digestive  organs  of 
>rse,  is  in  correspondence  with  his  whole  form  and 
rties,  which  are  for  sudden  and  powerful,  as  well 
g-continued  exertion. 
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OV  TH»  GIBEAJUK 

Tub  gizzard  is  a  favourite  illustration  with  our  aotha 
he  takes  it  up  in  Chaps,  x.'zii.  xv.  xvi.,  at  the  esmf 
of  compensation,  relation,  &c. 

The  hill  of  a  bird  has  extensive  relations  both  ex* 
nallv  and  internally.    When  we  sea  a  bird  trimming  1 
feathers  with  his  bill,  and  combing  out  each  leather  m 
the  root  to  the  point,  we  cannot  but  observe,  that  ada 
ably  as  feathers  are  formed  for  flight  and  for  proteeti 
against  cold  and  wet,  they  would  be  inconsistent  witht 
tongue  and  teeth  of  the  quadruped.    The  rough  ton? 
would  not  penetrate  to  their  interstices ;  nor  would 
ruder  operation  of  the  dog's  teeth  suit  the  delicate  ter 
of  the  quills.    The  bill,  therefore,  implies  the  absent 
teeth  and  of  salivary  glands.     Lips  and  muscular  cfc 
are  necessary  for  mastication ;  ana  however  familia 
operation  may  be,  a  chapter  might  be  well  occupi 
show  how  cheeks  and  lips,  salivary  glands  and  teetn 
co-operate  before  a  morsel  can  be  swallowed,*  an' 
the  derangement  of  one  filament  of  the  nerves  sup 
these  parts  disorders  the  whole  train  of  actions,   w 
to  show,  then,  how  this  function,  deficient  in  the 
compensated  by  internal  structure. 

The  gizzard  is  a  fleshy  stomach,  the  exact  si 
for  the  muscles  of  the  jaws,  and  teeth.     Its  s 
consists  of  a  strong  muscle ;  the  dark  part  of  th< 
being  the  muscle,  and  the  shining  part  of  it  the 
which  the  muscular  fibres  are  attached.     Thei 

*  See  a  paper  on  this  subject,  in  treating  of  tt 
mastication,  in  *  Phil.  Trass.*  tot  \m. 


0}'  THE  GIZZARD.  87 

tct,  two  muscles  with  a  central  tendon ;  it  is  what  ana- 
nn  is  ts  call  a  digastric  or  double-bellied  muscle.  The 
tvity  within  this  muscle  is  lined  with  a  dense,  rough, 
sensible  coat,  and  there  are  always  to  be  found  contained 

it  small  stones,  generally  of  quartz,  if  it  be  within  the 
ach  of  the  creature's  instinct  to  obtain  them.  The 
ains  are  mixed  with  these  portions  of  stone ;  and  if  we 
it  our  ear  close  to  a  bird,  we  shall  hear  the  grinding 
otions  going  on  as  distinctly  as  the  noise  of  the  horse's 
ws  in  the  manger.  In  fact,  this  digastric  muscle  or 
zzard  is  equivalent  to  the  muscles  of  the  jaws,  and  the 
ibbles  are  a  fair  equivalent  to  the  teeth,  with  this  advan- 
ce, that  when  they  are  ground  down,  the  instinct  of  the 
rd  supplies  it  with  more.  It  picks  up  some  small  per- 
ms of  gravel  with  as  much  alaarity  as  it  will  the  grain 
self.  Some  have  supposed  that  this  was  sheer  stu- 
dity  in  the  fowl ;  but  here  surely  instinct  is  better  than 
ason. 

When  we  recollect  the  provisions  against  attrition  neces- 
ry  to  make  the  teeth  last  for  the  full  period  of  the  life 
'a  graminivorous  quadruped,  we  are  prepared  to  under- 
and  the  advantage  of  this  beautiful  and  simple  substi- 
ite,  which,  to  so  small  a  creature  as  the  pigeon,  gives  an 
jual  power  over  the  material  of  its  food,  as  the  horse  has 
ith  its  powerful  jaws,  and  strong  grinding  teeth. 

However,  we  are  but  describing  a  new  instrument  for 
rinding,  or  comminuting  the  food :  yet  this  alone  is  not 
ifficient  to  supply  what  was  wanting  in  the  mouth ;  and 
i  passing,  we  may  observe  that  the  gizzard  does  not  ex- 
usively  belong  to  birds.  The  gillaroo  trout  and  the 
iullet  have  gizzards.  The  toothless  ant-eater  has  a 
izzard  :  it  lives  on  scaly  and  hard  insects,  such  as  beetles ; 
id  to  assist  in  bruising  them  in  its  muscular  stomach,  it 
icks  up  pebbles  like  the  domestic  fowl. 

Before  the  grain  descends  into  this  grinding  apparatus 
f  the  bird,  it  is  deposited  in  the  crop ;  from  the  crop  it 
escends,  by  little  and  little,  into  the  cardiac  cavity,  as 
te  first  part  of  the  stomach  is  called.  In  this  latter  ca- 
ity  there  are  glands  which  secrete  the  gastric  iu\e£,«x\& 
hich  fluid  is  necessary  to  digestion.    NSfc*\\o\i\<iV<5t^ 
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also  note  a  particular  provision  in  the  upper  orifice  of  the 
gizzard,  namely,  the  overlapping  of  a  part  of  the  muck, 
which  produces  an  obliquity  in  the  passage,  and  holds  (he 
contents  of  the  stomach  confined  during  the  strong  actios  fe 
of  grinding.  It  was  indeed  at  one  lime  supposed  mat  it 
such  a  mechanical  operation  of  the  stomach  as  we  hue  t| 
described  in  the  gizzard,  fitted  the  food  to  supply  tat  & 
nourishment  of  the  body ;  but,  we  repeat,  that  it  has  at 
further  operation  than  that  of  comminutiiig  the  bard  food, 
and  preparing  it  for  the  action  of  this  animal  fluid,  tat 
gastric  juice,  which  digests;  and  digestion  is  the  mat 
process  of  assimilation. 

It  may  be  interesting  to  the  reader  to  know  that  -the 
lower  orifice  of  the  gizzard,  where  it  opens  into  the  fat 
intestine  (duodenum),  is  differently  guarded  in  dmcr> 
ent  families  of  birds.  In  birds  which  have  ill  n  miliars 
of  food,  the  gizzard  has  no  valve  to  retard  its  escape ;  so 
that  a  greater  part  of  the  grains  or  seeds  on  whicn  they 
feed  passes  off  undigested ;  a  fact  which  we  touched  upon 
elsewhere.  Were  birds  of  prey  furnished  with  the  ana? 
grinding  apparatus  which  is  suited  for  birds  that  feed 
upon  grain,  our  argument  would  be  overturned.  But  in 
them  the  gizzard  is  very  weak ;  the  cuticnlar  lining  of 
the  stomach  very  thin ;  and  the  gastric  glands,  which  poor 
out  the  digesting  fluid,  very  large.  In  the  hawk  and 
kite  we  find  no  such  macerating  crop  as  in  the  domestic 
fowl. 

Our  author  states  that  one  class  of  birds  cannot  digest 
grains :  the  other  cannot  digest  flesh.  This,  however, 
taken  literally,  does  not  accord  with  the  experiments  of 
Mr.  Hunter,  since  he  brought  the  carnivorous  birds  to 
live  on  grains,  and  the  granivorous  fowls  to  live  on 
meat.  But  the  necessity  of  accomplishing  this  change 
by  very  slow  degrees  leaves  the  substance  of  our  authors 
argument  sustained. 

It  is  presumable  that  animal  and  vegetable  matter  arc. 
in  their  ultimate  elements,  nearly  the  same  ;  and,  there- 
fore, the  last  action  of  assimilation  of  the  food  is  pro- 
bably similar  in  all  creatures.  The  variety  of  oraaniav 
tion  or  structure  in  the  ftton\u&i  VAV  be  found  to  depend 
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the  proportion  of  nutritious  matter  in  the  mass  that  is 
■wallowed.     A  vegetable  feeder  requires,  from  the  po- 
verty of  its  food,  to  be  continually  digesting ;  and  hap- 
L-     I*Hy  its  food  is  in  abundance  around  it.     The  carnivorous 
m_    animal  gorges  its  food,  after  long  and  irregular  intervals ; 
m    its  prey  is  precarious ;  but  then  that  food  is  richer  in 
rA  nutritions  matter,  and  requiring  to  undergo  only  the  last 
*  c  j  process  of  assimilation.     The  variety  and  complication 
«^«  in  the  structure  of  the  digestive  organs  depending  on 
j-^  the  nature  of  the  food,  is  not  only  exhibited  in  quad- 
s   -3  rapeds  and  birds,  but  in  fishes  and  in  insects.     Insects 
that  suck  blood  have  a  simple  canal :   the  grasshopper 
X-  ^  md  white  ant,  vegetable  feeders,  have  a  complicated 
-^  ^  canal.     Just  for  the  same  reason  the  intestines  of  the 
^_  Bon  are  short  and  wide,  and  those  of  the  goat  long  and 
^  i^  complicated. 
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XVI. 

ON  THE  RATS   OF  LIGHT,    THEIR  REFRACTION  AND 

REFLECTION. 

The  nature  of  light  has  ever  been  a  subject  of  contro- 
versy.     It  was  Newton's  explanation  that    lurainofl 
objects  give  out  particles  of  inconceivable  minuteness, 
and    moving  with  extreme   velocity.      "  What    mert 
assertion,"  says  Sir   John   Herschcl,  "  will  make  any 
man  believe  tnat,  in  one  second  of  time,  in  one  beat  of 
the  pendulum  of  the  clock,  a  ray  of  light  travels  over 
192,000  miles ;  and  would  therefore  perform  the  tour  of 
the  world  in  less  time  than  a  swift  runner  would  make 
one  stride  ?"     In  short,  there  is  nothing  like  it  but  the 
influence  of  attraction ;  which  is  so  instantaneous  as  to 
admit  of  no  calculation  of  time  at  all. 

A  different  theory  from  that  of  Newton  was  suggested 
by  Huyghens,  who  supposed  a  highly-elastic  fluid  to  fill 
all  space,  and  which,  when  moved,  produced  the  effects 
ascribed  to  light.  Instead  of  minute  particles  diverging 
from  the  luminous  body,  he  substituted  waves  or  vibnv 
tions,  propagated  through  this  elastic  ether.  The  late 
Dr.  Young,  and  some  continental  philosophers  more 
recently,  took  up  this  hypothesis  and  supported  it  by 
ingenious  experiments.  But  notwithstanding  that  it  is 
the  favourite  theory  of  the  day,  difficulties  appear  still 
to  encumber  it.  The  theory  of  undulations  implies  the 
advance  and  recoil  of  the  elastic  medium,  and  that  gives 
the  idea  of  retardation.  The  supposition  of  light  being 
the  effect  of  the  motion  of  an  ether,  does  not  fall  in  with 
our  conceptions  of  the  manner  in  which  it  enters  into 
the  composition  of  bodies,  or  influences  chemical  com- 
bmationSf  or  affects  t\ifc  \mn£  ^w««ra  <£  animals  and 
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tble8.  The  merits  of  the  two  theories,  however, 
lot  be  discussed  here.  It  will  be  sufficient  for  our 
?e  to  represent  a  beam  of  light  by  a  line  drawn 
he  pen,  and  to  enter  on  the  explanation  of  a  few 
i  laws  which  influence  it  in  passing  through  trans- 
;  media. 


en  the  ray  of  light,  as  a,  passes  perpendicularly 
1  rarer  into  a  denser  medium,  as  from  air  into 

it  suffers  no  change  in  its  direction  ;  but  when  it 

obliquely,  as  b,  it  takes  a  new  direction  towards 
irpendicular,  making  a  sudden  angle,  as  if  broken, 
this  is  refraction.  Two  circumstances,  therefore, 
ice  the  ray  of  light ; — the  angle  at  which  it  falls, 
e  density  of  the  body  into  which  it  passes.  When 
y  b  passes  from  the  denser  medium  into  the  rarer, 
gain  refracted,  but  away  from  the  perpendicular, 
ikes  its  original  course,  provided  the  surface  at 

it  goes  out  is  parallel  to  the  surface  at  which  it 
d. 

en  a  ray  strikes  upon  a  body  that  is  not  trans- 
;,  or  only  imperfectly  so,  it  is  in  part  reflected,  that 
lck  off  again,  bent  back,  or  reflected,  and  enters 
e,  conveying  to  us  the  impression  of  the  form  and 

of  that  object. 

the  expression  which  we  have  used  TecyivK&  «*• 
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pianation ;  for  how  is-  it  that  the  reflected  ra; 
convey  the  idea  of  colour  ? 


The  prism  is  a  piece  of  glass  so  formed  tha 
must  fall  obliquely  on  one  or  both  of  the  sur 
suffer  refraction.  Thus  the  ray  a  striking  into 
b  is  refracted ;  but  all  its  parts  are  not  equally 
and  as  the  light  consists  of  parts  differing  in  col 
which  are  differently  refracted,  it  is  dhnded  or 
into  several  colours  c,  called  the  prismatic  colo 
spectrum,  as  it  is  termed,  thus  formed,  consists 
colours;  that  which  is  least  refracted  being 
in  succession  orange,  yellow,  green,  blue,  in 
violet.  If  these  rays  be  re-compounded  fr 
through  a  convex  lens,  which,  owing  to  the 
with  which  they  fall,  draws  them  to  a  point, 
of  the  light  will  be  again  colourless.  Some 
philosophers  have  reduced  these  prismatic  c 
Newton  to  three  primary  colours,  red,  yellow,  i 
contriving,  by  the  super-position  of  these,  to 
the  seven  tints;  while  others  have,  on  cons: 
not  easy  to  be  disproved,  held  that  there  is  no 
finite  number  of  colours,  but  a  gradation  of  1 
the  extreme  red  to  the  extreme  violet. 

We  may  now  understand  the  reason  of  the 
objects.     When  light  strikes  upon  a  body,  e^ 
the  most  transparent,  part  penetrates,  part  is 
and  some  part  is  lost.     A  dye  is  a  disposition 
the  surface  of  cloth  to  repel  some  of  the  rays 
more  than  the  others ;  and  the  colour  will  be  i 
to  the  ray,  or  the  combination  of  rays,  thus  c 
and  sent  into  the  eye. 
And  here  it  is  natura\  to  ?<&&<&  wv  the  va 
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rty  everywhere  bestowed  through  this  property  of 
beam  of  light.  What  a  dulness  would  have  per- 
;d  the  surface  of  the  earth  if  there  had  been  only  a 
to  light  I  The  beauties  of  the  garden  and  of  the 
scape  would  have  been  lost  to  us.  How  is  the 
ity  of  the  latter  enhanced  by  the  almost  infinite 
ety  of  colour,  yet  still  within  that  range  which  U 
^cablc  and  soothing  to  the  eye,  as  well  as  consonant 
ur  feelings !  The  human  countenance,  too,  although 
ible  of  exciting  our  wannest  sympathies  by  form  and 
ion  alone,  has  that  beauty  perfected  by  colour,  vary- 
under  the  influence  of  emotion. 


t  remains,  in  order  that  we  may  apply  these  facts  to 
explanation  of  the  structure  of  the  eye,  to  show  how 
rays  proceeding  from  a  body  and  falling  upon  a  con- 
glass  suHer  retraction.  The  ray  that  strikes  upon 
centre,  being  perpendicular  to  the  glass,  passes  on 
eviatmgly.  But  each  ray  as  it  strikes  a  point  re- 
red  from  die  centre,  must  impinge  with  more  obli- 
y,  in  consequence  of  the  curved  surface  ;  and  as  the 
action  of  all  the  rays  will  be  in  proportion  to  the 
unity  of  their  incidence,  they  will  converge  towards 
central  direct  ray.  Thus  a,  as  it  passes  through 
glass,  suffers  refraction  towards  the  perpendicular 
i,  in  proportion  as  it  deviated  from  it,  on  passing  out 
the  air  into  the  glass.  These  few  simple  statements 
f  suffice  for  understanding  the  comparison  which  we 
now  to  make  between  the  eye  and  oytitei  insist- 
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xvn. 

THE  EYE  COM*  ABED  WITH  OPTICA!*  HfSTmUM 

Wb  hare  elsewhere  expressed  our  surprise  i 
structure  of  an  animal  body  should  so  seldom 
as  a  model.  In  the  history  of  inventions,  it 
quite  extraordinary  that  the  telescope  and  the  mi 
should  be  modern,  when,  as  it  should  seem, 
transparent  convexity  of  the  eye  might  hare  give 
imitation,  as  soon  as  man  learned  to  give  shape  t< 
or  artificial  glass.  It  reminds  us  of  the  obser 
Locke,  in  speaking  of  a  discovery,  that  it  pre 
world  to  be  of  no  great  antiquity.  Yet  we  must 
the  invention  of  the  telescope  and  microscope  a 
the  most  important  in  their  consequences  o 
ancient  or  modern  discoveries.  The  first  opens 
unlimited  expanse,  not  only  of  new  worlds,  but 
of  worlds,  and  new  laws  evinced  in  the  force; 
propel  and  attract  these ;  since  in  the  heavenly 
we  find  no  material  contact,  nor  pressure,  nor  i 
nor  transfer  of  power — nor  effect  of  heat,  nor  ex 
of  gases — nothing,  in  short,  which  can  be  illustn 
mechanism.  By  the  microscope,  we  contempl 
minute  structure  of  animals  and  things  but  for 
invisible :  the  balance  of  the  cohesive  and  ft 
forces  as  they  order  the  changes  in  the  material 
world,  and  in  that  of  our  own  frames.  Yet  tl 
struments  are  not  in  contrast  with  the  eye :  but 
the  comparison  of  them  we  discover  the  wonderfr 
ations  of  that  organ ;  of  which  it  has  long  a 
said,  that  it  can  at  one  time  extend  our  conteP 
to  the  heavenly  bodies  and  their  revolutions,  an* 
other  limit  its  exercise  to  \Km^  *x  taad^  to  1 
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ies  and  affections  of  our  nature  visible  in  the  coun- 
nce. 

'  we  put  aside  the  consideration  of  the  living  pro- 
ies  or  the  organ,  as  the  extraordinary  variety  and 
ees  of  sensibility  in  the  nerve  of  vision,  and  confine 
dives  to  points  easily  comprehended,  as,  for  example, 
mechanism  of  the  eye,  and  the  laws  of  optics  as  ap- 
ible  to  the  humours,  we  shall  find  enough  to  admire. 
rhen  we  look  upon  the  optician's  lens,  however  per- 
ils polish  may  be,  we  can  see  its  convex  surface : 
is  to  say,  the  rays  of  light  which  strike  upon  that 
ice  do  not  all  penetrate  it,  but  are  in  part  reflected  to 
eye,  which  is  the  occasion  of  our  seeing  it.     We  do 
see  the  surface  of  the  cornea  of  the  human  eve. 
e,  then,  is  an  obvious  superiority,  since  it  implies  that 
be  rays  of  light  which  strike  the  cornea  enter  it  and 
•efracted,  and  none  are  returned  to  our  eye.     If  we 
the  optician's  lens  between  our  fingers  and  hold  it 
>r  water,  we  can  no  longer  see  it,  however  transpa- 
the  water.     The  reason  of  this  is,  that  the  rays  of 
are  reflected  when  entering  from  a  rare  medium  into 
ser,  more  abundantly  in  proportion  to  the  difference 
*  density.     When  the  ray  of  light  has  penetrated 
iter,  it  also  penetrates  the  glass,  because  there  is  not 
ifference  of  density  between  the  water  and  the  glass 
there  is  between  the  atmosphere  and  the  glass, 
his  we  may  estimate  the  importance  of  the  surface 
'ornea  being  moistened  by  the  tears ;  for  however 
he  water  may  be  spread  over  the  surface  of  the 
s  sufficient  to  make  those  rays  that  would  other- 
reflected  penetrate  the  cornea, 
hole  humours  of  the  eye  are  constituted  with  a 
this  law.     There  is  nowhere  an  abrupt  transi- 
a  rare  to  a  dense  humour.     The  ray  is  trans- 
om the  cornea  into  the  aqueous  humour,  and 
tat  humour  into  the  lens  or  crystalline  humour, 
latter  humour  uniform  and  of  the  density  of  its 
t  throughout,  the  ray  would  be  in  part  reflected 
its  surface.     But  it  is  not  uniform,  lvV&  *?&&£& 
.  consists  of  concentric  layers  mcxoa&Yb%  ^ 


showing  the  gradual  manner  in  which  the  ray  is  refracted 
through  successive  transparent  layers.  As  it  enters  in 
the  anterior  half  of  its  passage,  it  encounters  media  of  in- 
creasing density  :  but  as  it  passes  out  behind,  it  is  trans- 
mitted through  media  diminishing  in  density.  The  raj 
is  nowhere  op]X)sed  by  that  sudden  increase  of  density 
which  gives  a  disposition  to  reflection  ;  and  it  j*aaw 
through  the  vitreous  humour  still  refracted,  the  density  of 
that  humour  having  a  just  correspondence  with  the  pos- 
terior surface  of  the  lens.  In  the  atmosphere  there  i*  i 
similar  arrangement  for  receiving  the  light  proceeding 
from  the  sun  or  stars :  for  as  the  density  of  the  air  dimin- 
ishes as  the  height  above  the  earth  increases,  the  surface 
of  our  atmosphere,  from  its  rarity,  must  almost  reseiobfr 
free;  space  ;  consequently  the  light  falling  into  it  will  pe- 
netrate more  abundantly  than  if  the  air  were  comprew^ 
as  it  is  near  the  earth,  and  viete  o&  wnfocm  density.  "< 
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density  from  the  surface  to  the  centre.  If  we  first  look 
iit  the  entire  lens,  and  then  take  off  its  concentric  layers,  J 
we  shall  see  the  surface  of  the  internal  nucleus  more  dis- 
tinctly than  the  exterior  and  natural  surface.  The  reason 
is  obvious :  the  nucleus  is  so  much  more  dense  than  the 
atmosphere,  that  the  reflection  of  the  rays  from  it  is  more 
abundant.  We  now  comprehend  how  finely  it  is  pro- 
vided that  the  crystalline  lens  should  be  surrounded  witk 
the  liquor  Morgayni,  a  fluid  which  is  but  in  a  slight  de* 
gree  more  dense  than  the  aqueous  humour.  The  exte- 
rior surface  of  the  lens  itself  is  only  a  little  more  dene 
than  the  surrounding  fluid,  and  each  successive  layer, 
from  the  surface  to  the  centre,  is  of  gradually  increasing 
density :  so  that  if  we  were  to  describe  the  course  of  the 
ray,  it  would  not,  as  we  sec  in  the  ordinary  diagram, 
T>ass  like  a  straight  line  of  the  pen,  but  in  a  curved  line, 
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ms  see  the  obvious  superiority  in  the  structure  of  the  eye 
►  any  thing  that  can  be  composed  of  glass,  which  is  of 
sfonn  density  throughout,  and  most  therefore  present  a 
tocession  of  surfaces  where  rare  and  dense  media  are 
troptly  opposed  to  the  rays  transmitted. 

We  may  observe  another  happy  result  from  the  pecu- 
tr  structure  of  the  lens.  A  magnifying  glass  is  never 
ne ;  an  aberration  of  the  rays  takes  place  in  the  pencil 
■  light,  as  the  rays  are  drawn  to  a  focus.  The  rays 
bich  penetrate  near  the  centre  are  projected  so  as  to 
i  drawn  to  their  focus  beyond  those  rays  which  pierce 
rough  nearer  the  edge.  The  rays  penetrating  the 
litre  of  this  double  convex  glass  will  project  the  imago 

jl,  whilst  those  penetrating  nearer  the  circumference, 
id  consequently  falling  more  obliquely,  will  form  a 
cos  nearer  the  lens  at  b.  But  in  the  crystalline 
imour  of  the  eye,  which  corresponds  with  the  opti- 
in's  lens,  the  exterior  layer  having  less  density,  and 
erefore  a  diminished  property  of  refracting  the  ray,  the 
tage  is  carried  farther  off  to  a  ;  and  by  this  means  it  is 
dered  that,  wherever  the  ray  penetrates,  it  shall  be 
awn  to  an  accurate  focus. 


Some  modern  philosophers  have  asserted  that  the  eye 
not  perfectly  achromatic  in  every  adjustment.  The 
rm  implies  the  property  of  the  instrument  to  represent 
i  image  divested  of  the  prismatic  colours ;  those  false 
lours  which  attend  the  refraction  of  the  rays  of  light. 
'  the  statement  be  correct,  it  is  nothing  against  our 
gnment ;  nor  have  those  inquirers  advanced  it  with  any 
.ch  view.*  We  know  that  in  all  the  ordinary  exercises 
■  the  eye  the  image  is  perfect,  having  neither  penumbra 
>r  prismatic  colours.     This  property  of  the  eye  results 

*  Professor  Blair  (Edinburgh  Transactions,  iii.)  expressly 
•rives  an  argument  in  favour  of  design  from  X\ns  %\&\£ro&nX 
'  his  opinion,  and  his  objection  to  BoscoVvclu 
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from  the  different  media  through  which  the  rays  are 
transmitted,  and  the  gradual  transmission  which  we  have 
just  mentioned.  Dollond's  achromatic  glasses,  a  great 
improvement  upon  the  telescope,  were  made  on  this 
principle.  He  composed  the  object-glass  of  the  telescope 
of  crown-glass  and  flint-glass;  so  that  while,  by  the 
combined  effect  of  iheir  convexities,  they  drew  the  rajs 
to  a  focus,  the  dispersive  power  of  the  one  was  counter- 
acted by  that  of  the  other. 

Let  us  endeavour  to  explain  this,     a,  a  beam  of  light, 
being  composed  of  the  different  coloured  rays,  paaef 
through  the  prism  b.     (See  Fig.  p.  92.)     Instead  of 
passing  onward  in  a  straight  line,  it  is  refracted  to  c  ■ 
distinct  and,  consequently,  coloured  rays.     Whilst  tfcf 
whole  of  them  are  bent  or  refracted  at  an  angle  from  tat 
dotted  line,  they  are  also  diverging  from  one  another. 
Their  deviation  from  the  straight  line  is  their  refradim; 
their  diverging  from    each  other  is  their  disperse* 
These  properties  being  distinct,  it  is  conceivable  tW 
glass  oi  a  different  chemical  composition  may  affect  Ik  |^ 
one  to  a  greater  degree  than  the  other,  and,  thereto*, 
that  a  lens  may  be  composed  of  different  kinds  of  $* 
(crown-glass  and  flint-glass,  for  example),  so  that  tbtf 
convergence  of  the  rays  into  a  focus  may  be  obtain^ 
without  the  dispersion  of  the  rays,  and  the  conscouflt 
production  of  false  colours  round  the  image.    This  * 
what  Dollond  nearly  accomplished,  and  upon  these  pn* 
oiples.     That  the  effect  of  this  very  artificial  arrange- 
ment is  attained  in  the  eye  is  a  remarkable  proof  of  tk 
perfection  of  its  adaptation  to  the  properties  of  light. 

The  last,  circumstance  which  we  may  mention  in  cof 
tinuing  the  comparison,  is  the  drawing  out  of  the  tubc» 
the  telescope  to  accommodate  the  foci  of  the  glasses  to 
the  distance  of  the  object.  It  is  sufficient  to  say  that  tl» 
eye  possesses  this  property  of  accommodation.  That*6 
do  not  understand  how  the  operation  is  performed,  only 
strengthens  the  argument  in  favour  of  the  perfection  » 
the  eye  ;  since  the  power  exists,  and  is  exercised  with* 
ease  which  hardly  permits  us  to  be  sensible  of  it. 


fc: 
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XVIII. 


HE  MEANS  BT  WHICH-  THE  EYE  IS  PROTECTED. 

an  astronomer,  in  the  darkness  of  night,  and 
from  the  light  of  his  chamber,  moves  his  telescope 
ir  to  star,  his  eye  is  accommodated  to  faint  im- 
is ;  that  is,  the  sensibility  of  the  retina  is  then 
ated,  so  that  when  he  directs  his  instrument  to 
;hter  objects  his  sensation  is  painful.     And  if,  at 

time,  he  should  be  observing  the  sun,  without 
guarded  the  eye  by  smoking  the  glasses,  or  by 
:her  means  diminishing  their  transparency,  the 
ipon  the  retina  will  not  only  be  painful,  but  may 
estructive  to  its  fine  texture,  and  occasion  a  defect 
i  which  will  continue  through  life.  If  the  appa- 
i  the  tympanum  of  the  ear  be  destroyed,  and  the 
supplied  by  an  ear-trumpet,  the  person  will  be 

by  those  who  speak  into  this  trumpet;  for  if 
i  not  in  the  habit  of  pitching  their  voices  dis- 
ind  softly,  the  sound  will  jar  painfully  upon  his 
•y  these  considerations  we  are  prepared  to  con- 
e  that  beautiful  provision  by  which  the  natural 
>rotected  against  the  sudden  intrusion  of  light,  or 

intense  illumination  of  the  object  upon  which  it 
ted. 

iris  is  a  curtain,  or  septum,  which  stretches  across 
teous  humour,  and  is  anterior  to  the  crystalline 
:  is  perforated  in  the  centre,  and  that  perforation 
upil — the  black  central  spot  which  we  see  when 
c  into  the  eye — black,  for  the  reason  which  we 
signed,  that  the  rays  piercing  there  are  not  re- 
and  the  absence  of  rays  is  blackness.  But  the 
ike  the  anterior  part  of  the  iris  itaeW  toutA.  \Jfta 
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perforation,  and   they  are   partially  at  least  re&wfe^ 
giving  the  colour  to  the  eye — grey,  or  blue,  or  hazel. 

Perhaps  the  diagram  (Vol.  ii.,  p.  22)  will  explaia 
the  structure  of  the  iris  ana  pupil,  and  show  the  laoaei 
which  the  pencil  of  rays  is  enlarged  or  diminished,  *j 
the  intensity  of  the  image  in  the  eye  thus  made  gwaW 
or  less  in  proportion  to  the  illumination. 

The  iris,  then,  we  understand  to  be  a  muscular  sep* 
or  partition,  with  two  sets  of  fibres;  a  straight  set  e» 
verging  to  that  margin  of  the  iris  which  forms  the  pafl 
and  a  circular  set  running  round  the  exterior  margi" 
the  iris.     At  page  189  of  vol.  ii.  we  have  given  a  «r*K: 
sentation  of  the  iris  of  the  lion.     The  pupil  or  op* 
space  is  oval  in  this  animal ;  b  b  are  the  straight  vM 
converging  to  the  exterior  margin  of  the  iris ;  airfce 
are  the  circular  fibres  of  the  margin.     These  twos** 
fibres  act  against  each  other,  and  in  a  moderate  light*! 
pupil  is  moderately  expanded;  but  when  the  lijJ*- 
obscure,  the  circular  fibres  relax,  and  the  straight  W 
act;  the  iris  is  then  diminished  in  diameter,  and* 
pupil  enlarged.     The  contrary  takes   place  when  *■ 
intense  a  light  strikes  into  the  eye. 

This  guardian  action  of  the  iris  is  more  rapid  4* 
words,  and  as  quick  as  thought ;  and  it  is  to  be  remark 
that  this  apparatus  is  animated  by  nerves  which  go  ba» 
to  the  sensorium  ;  so  that  the  impression  must  be  J* 
ceived  in  the  sensorium  before  the  iris  can  be  directed* 
its  motions. 

Such,  then,  is  the  apparatus  by  which  the  nene  ■ 
vision  is  guarded  ;  and  as  marking  its  necessity,  let  • 
remember  that  the  retina  is  susceptible,  in  an  extraor^ 
nary  degree,  of  various  impressions  of  light,  that  it  wit 
l;e  sensible  to  an  object  illuminated  as  one,  and  as  thirtt 
thousand.  It  is  obvious  that  either  we  must  have  gropd 
in  the  dark  during  the  evening  or  moonlight,  or  bart 
been  quite  dazzled  and  overpowered  by  the  brightness  v 
the  sun,  had  not  this  fine  mechanical  apparatus  of  the 
iris  been  adapted  and  assigned  for  the  protection  of  ti» 
nerve. 

But  the  nerve  is  protected  m  another  way,  or  rather, 
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d  say,  the  force  of  the  impression  is  regulated. 
j  seen  that  the  colours  of  objects  are  owing  to 
of  light  being  reflected  from  them ;  that  on  a 
lerfecuy  black  the  rays  sink  in  and  are  lost,  and 
pise  the  object  only  by  its  outline  being  con- 
vith  surrounding  coloured  bodies,  not  by  the 
ected  from  itself.  When  the  eye  of  an  animal 
ed  for  the  bright  light  of  day,  a  black  pigment 
d  the  nerve,  and  the  nerve  itself  being  trans- 
the  ray  is  transmitted  and  lost.  But  if  it  be 
that  the  eye  shall  be  suited  to  the  habits  of  an 
lat  prowls  by  night,  then  there  is  combined  with 
j  eye  and  the  very  dilatable  pupil,  calculated  to 
i  gfeat  pencil  of  rays,  a  property  of  reflection  in 
torn  or  carpet ;  that  is,  the  surface  at  the  bottom 
/a  on  which  the  nerve  is  expanded.  Instead  of 
k  and  absorbing  pigment,  there  is  a  secretion 
I  by  that  surface,  which,  like  a  dye,  throws  off 
ts  the  light,  or  reflects  it  back  like  the  silver  on 
i  of  a  mirror.  This  gives  a  second  impulse  to 
e,  and  has  the  effect  of  doubling  the  force  of  the  " 
on. 

s  now  see  how  an  organ  of  the  extreme  trans- 
and  delicacy  of  the  eye  is  guarded  from  injuries 
er  kind. 

first,  we  may  observe  the  combination  of  the 
•operties  with  the  motion  and  mechanism  of  the 
;  how  the  extreme  delicacy  of  the  surfaces  of 
has  adapted  to  it  the  fine  sensibility  seated  in  the 
and  roots  of  the  eye-lashes.  The  pain  excited 
smallest  particle  that  floats  in  the  atmosphere 
3  the  source  of  constant  suffering,  were  there  not 
id  with  and  animated  by  the  same  sensibility  an 
is,  mechanical  and  hydraulic,  for  the  obvious 
of  ridding  the  delicate  surface  of  the  eye  of  all 
natter. 

:here  be  anything  more  interesting  than  to  And 
le  of  this  apparatus  under  the  guidance  of  a  pro- 
fferent  from  that  of  consciousness  and  volition  ? 
3  seen  many  instances  of  persons  de^rneA.  tf.  ft& 

[V.  x 
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sensibility  of  the  surfaces  of  the  eye  from  the  a 
of  one  nerve  alone,  without  the  loss  of  vision*  or 
motions  of  the  eye-lids,  or  of  the  Sow  of  tears ;  bu 
been  impossible  in  such  persons  to  proses  re  the 
by  assuring  them  of  the  necessity  of  these  n 
either  through  the  direct  action  of  the  eye-fids,  ox 
aid  of  their  fingers.  The  eye's  surfaces,  being  d 
of  sensation,  are  no  longer  regularly  moistened;  s 
dust  rest  upon  them ;  and,  although  they  are  ins 
they  inflame ;  the  transparent  cornea  becomes  < 
and  the  eye  is  lost.  This  is  the  consequence  ne 
the  want  of  sensibility  in  the  retina,  nor  of  the  c 
of  motion  in  the  eye-ball  and  eye-lids  being  lost, 
failure  of  the  spring  of  water  that  runs  continual 
the  eye :  k  results  simply  from  a  loss  of  that  relt 
the  sensibilities  suited  to  the  materials  and  ini 
around  us*  and  the  protecting  motions  which  they 
It  at  once  answers  the  querist  who  asks,  why  wi 
pain  ?  We  reply  to  him  by  another  question.  I 
we  to  hear  or  see,  or  how  enjoy  the  sense  from  : 
sions  so  delicate  as  those  of  sound  and  fight ;  or  e: 
these,  by  instruments  so  exquisitely  framed,  how  ai 
instruments  to  be  protected  from  the  ruder  sh 
which  they  must  be  exposed?  These  consid< 
lead  to  the  conclusion  that  if  he  object  to  one  par 
system,  he  objects  to  the  whole  of  that  by  which ' 
our  present  existence. 

The  motions  of  the  eye  and  eye-lids,  which  are  c 
by  this  sensibility,  must  be  performed  with  extr 
pidity.  To  rinse  anything  in  water,  or  to  rid  it 
by  shaking  it  in  the  wind,  the  action  must  be  quic 
such  a  motion  is  possessed  by  the  eye  of  the  fish,  a] 
the  eye-lids  and  lachrymal  apparatus  are  in  then 


If  we  are  giving  proofs  of  design,  we  can  ha\ 
more  obvious  than  that  suggested  in  the  Prelimina 
course,  in  the  eye  of  the  mud  crab,  an  animal  whi 
the  eel,  seeks  its  food  in  mud  and  turbid  water, 
ing  from  such  a  bed,  its  eye  is  covered  with  slii 
would  be  useless:  but  to  ^rovida  against  this  inc 


FBOtflTOMl  OF  THE  XYE.  168 

re  is  a  little  brush  near  the  eve,  to  which  the 
it  horny  eye  can  be  raised,  and  against  which  it 
,  with  an  action  as  intelligible  as  that  of  a  man 
lis  spectacles.  The  cray-nsh,  too,  which  burrows 
inks  of  rivers,  has  the  same  provision,  although 
:ture  is  less  perfect. 

i  assumed  that  the  action  of  the  eye  of  fishes  is 
[  must  confess  that  I  have  not  seen  this,  but  we 
ted'  to  conclude  that  they  possess  the  motion,  as 
ve  other  muscles  besides  those  necessary  to  direct 
muscles  which,  by  the  oblique  direction  of  their 
re  calculated  to  give  extraordinary  rapidity  of 
md  resemble  that  apparatus  which  gives  the  rapid, 
e  motions  to  our  own  eye. 
rst  time  that  we  observe  any  remarkable  phene- 
ey  excite  more  emotion,  and  we  describe  then 
»  interest:  I  shall  therefore  extract  here  a  por- 
paper  given  to  the  Royal  Society  on  the  nerve* 
re,  which  it  was  necessary  to  prerace  by  observa- 
the  actions  of  the  muscles,  a  subject  which  I  cou- 
ld not  been  fully  understood. 


** 
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XIX. 


MOTIONS   OF  THE  ETE-BALL   A2Q>   BTO-UM. 

We  shall  consider  the  muscles  of  the  eye,  first,  as  r 
sary  to  its  preservation ;  secondly,  as  necessary  to 
the*  organ  of  sense.  We  do  not  reflect  on  those  * 
of  our  frame  which  are  most  admirable  in  thems 
which  minister  continually  to  our  necessities,  and  p 
the  exercise  of  our  organs,  until  we  are  deprived  oft 
like  unnatural  children,  unconscious  or  unmindful  • 
dulgence,  we  feel  only  the  loss  of  benefits.  "  With 
compassion,"  says  the  religious  philosopher,  "  as  w 
astonishment  at  the  goodness  of  our  loving  Creator, 
I  considered  the  sad  state  of  a  certain  gentleman  w 
to  the  rest,  was  in  pretty  good  health,  but  only  w 
the  use  of  those  two  little  muscles  that  serve  to  lift  i 
eye-lids,  and  so  had  almost  lost  the  use  of  his  sight, 
forced,  as  long  as  this  defect  lasted,  to  shove  up  hi* 
lids  with  his  own  hands."  I  have  often  thought  o 
saying  when  I  have  seen  a  patient  in  all  respects  in  h 
but  without  the  power  of  raising  the  eye-lids. 

There  is  a  mption  of  the  eye-ball,  which,  from  i 
pidity,  has  escaped  observation.  In  the  instant  th 
eye-lids  are  closed,  the  eye-ball  makes  a  movement  i 
raises  the  cornea  under  the  upper  eye- lid. 

If  we  fix  one  eye  upon  an  object,  and  close  the 

eye  with  the  finger,  so  as  to  feel  the  convexity  c 

™»rnea  through  the  eye-lid,  we  shall  perceive  wbi 

the  eye  that  is  open,  that  the  cornea  of  the  otto 

intly  elevated ;  and  that  it  thus  rises  and  h 

thy  with  the   eve  that  is  closed  and   op 

wu»  ""itkm  of  the  eye-ball  takes 
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When  a  dog  was  deprived  of  the  power  of  closing"  the 
3ye-lids  of  one  eye  by  cutting  across  the  nerve  of  the  eye- 
.ids,  the  eye  did  not  cease  to  turn  up  when  he  was  threat- 
ened, and  when  he  winked  with  the  eye-lids  of  the  other 
side. 

Nearly  the  same  thing  I  observed  in  a  girl  whose  eye- 
lids were  attached  to  the  surrounding  skin,  owing  to  a 
burn  ;  for  the  fore  part  of  the  eye-ball  being  completely 
.uncovered,  when  she  would  have  winked,  instead  of  the 
3ye-lids  descending,  the  eye-balls  were  turned  up,  and  the 
sornea  was  moistened  by  coming  in  contact  with  the 
months  of  the  lachrymal  ducts. 

The  purpose  of  this  rapid  insensible  motion  of  the  eye- 
ball will  be  understood  by  observing  the  form  of  the  eye- 
lids and  the  place  of  the  lachrymal  gland.  The  margins 
>f  the  eye-lids  are  flat,  and  wnen  they  meet,  they  touch 
ynly  at  their  outer  edges,  so  that  when  closed  there  is  a 
gutter  left  between  them  and  the  cornea.  If  the  eye-ball 
were  to  remain  without  motion,  the  margins  of  the  eye- 
lids would  meet  in  such  a  manner  011  the  surface  of  the 
cornea,  that  a  certain  portion  would  be  left  untouched, 
and  the  eye  would  have  no  power  of  clearing  off  what  ob- 
scured the  vision,  at  that  principal  part  of  the  lucid  cornea 
which  is  in  the  very  axis  of  the  eye ;  and  if  the  tears 
flowed  they  would  be  left  accumulated  on  the  centre  of 
the  cornea,  and  winking,  instead  of  clearing  the  eye, 
would  suffuse  it.  To  avoid  these  effects,  and  to  sweep 
and  clear  the  surface  of  the  cornea,  at  the  same  time  that 
the  eye -lids  are  closed,  the  eye-ball  revolves,  and  the 
cornea  is  rapidly  elevated  under  the  eye-lid. 

Another  effect  of  this  motion  of  the  eye-ball  is  to  pro- 
cure the  discharge  from  the  lachrymal  ducts ;  for  by  the 
simultaneous  ascent  of  the  cornea,  and  descent  of  the 
upper  eye-lid,  the  membrane  on  which  the  ducts  open  is 
stretched,  and  then  the  tears  flow  unimpeded. 

By  this  simultaneous  motion,  also,  the  descent  of  the 
eye-lid  and  the  ascent  of  the  cornea,  the  rapidi*"  ",wh 
which  the  eye  escapes  from  injury,  is  increase 
creatures  which  have  imperfect  eye-lids,  as  fisi 


106  NATURAL  THEOLOGT. 

sessing  this  rapid  revolving  motion  of  the  eye,  avoid  fa 
jury  and  clear  off  impurities. 

I  may  observe,  in  passing,  that  there  is  a  provision  f 
the  protection  of  the  eye,  in  the  manner  in  which  t 
eye-lids  close,  which  has  not  been  noticed.  While  t 
upper  eye-lid  falls,  the  lower  eye-lid  is  moved  town 
the  nose.  This  is  a  part  of  that  curious  provision  for  c 
lecting  offensive  particles  towards  the  inner  corner  of  1 
eye.  If  the  edges  of  the  eye-lids  be  marked  with  hk 
spots,  it  will  be  seen  that  when  the  eye-lids  are  ojpei 
and  closed,  the  spot  on  the  upper  eye-lid  descends  i 
rises  perpendicularly,  while  the  spot  on  the  lower  eye- 
will  play  horizontally  like  a  shuttle. 

To  comprehend  these  actions  of  the  muscles  of  die  e 
we  must  remember  that  the  caruncle  and  membri 
called  semilunaris,  seated  in  the  inner  corner  of  the  e 
are  for  ridding  the  eye  of  extraneous  matter,  and  are, 
fcct,  for  the  same  purpose  as  that  apparatus  which  is  id 
perfect  in  beasts  and  birds.  The  tears  are  imbibed 
the  puncta  or  orifices,  which  may  be  seen  in  the  in 
corner  of  the  eye ;  and  a  tube,  formed  on  the  princi 
of  a  siphon,  carries  them  into  the  nose :  whilst  the  di 
washed  to  this  corner,  is  thrown  out  by  the  appara 
which  we  have  described. 

The  course  of  our  inquiry  makes  some  notice  of  th 
parts  necessary. 

In  quadrupeds  there  is  a  gland  for  secreting  a  glutin 
and  adhesive  fluid,  seated  on  the  side  of  the  orbit  next 
nose :  it  is  quite  distinct  from  the  lachrymal  gland ;  i 
squeezed  by  an  apparatus  of  muscles,  and  the  fluid  exw 
upon  the  surface  of  the  third  eye-lid.  This  third  eye- 
is  a  very  peculiar  part  of  the  apparatus  of  protection, 
is  a  thin  cartilage,  the  posterior  part  of  which  is  attact 
to  an  elastic  body.  This  body  is  lodged  in  a  division 
depression  of  the  orbit  on  the  side  towards  the  nc 
When  the  eye  is  excited,  the  eye-ball  is  made  to  press 
the  elastic  body  against  the  side  of  the  orbit  and  force 
out  of  its  recess  or  socket ;  the  consequence  of  which 
the  protrusion  of  the  cartilaginous  third  eye-lid,  or  ha 
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it  is  termed  in  the  horse.    By  this  mechanism  the  third 
_^  e-lid  is  made  to  sweep  rapidly  over  the  surface  of  the 
(■cornea,  and,  by  means  of  the  glutinous  fluid  with  which 
surface  is  bedewed,  it  attaches  to  itself  and  clears  away 
msive  particles. 

In  birds,  the  eye  is  an  exquisitely  fine  organ,  and  still 
_iore  curiously,  we  might  be  tempted  to  say  artificially, 
protected.     The  third  eye-lid  is  more  perfect  than  thai 
~  quadrupeds :  it  is  membranous  and  broad,  and  is  drawn 
the  surface  of  the  eye  by  means  of  two  muscle! 
to  the  back  part  of  the  eye-ball,  one  of  which 
by  a  long  round  tendon,  that  makes  a  course  of  nearly 
*hree  parts  of  the  circumference  of  the  ball.*     The 
JsM&rymal  gland  is  small,  and  seated  low,  but  the  mucous 
gland  is  of  great  size,  and  placed  in  a  cavity  deep  and 
Jarge,  and  on  the  inside  of  the  orbit.     As  the  third  eye- 
lid is  moved  by  an  apparatus  which  cannot  squeeze  the 
mucous  gland  at  the  same  time  that  the  eye-lid  is  moved, 
oat  in  quadrupeds,  the  oblique  muscles  are  jiarticularly  pro- 
Tided  to  draw  the  eye-ball  against  the  gland,  and  to  force 
out  the  mucus  on  the  surface  of  the  third  eye-lid.     It 
flows  very  copiously ;  and  this  is  probably  the  reason  oi 
the  smallness  of  the  proper  lachrymal  gland  which  lies  on 
the  opposite  side  of  the  orbit. 

We  already  see  two  objects  attained  through  the  mo- 
tion of  these  parts :  the  moistening  of  the  eye  with  the  cleai 
fluid  of  the  lachrymal  gland,  and  the  extraction  or  pro- 
trusion of  offensive  particles. 

There  is  another  part  of  this  subject  no  less  curious : 
the  different  conditions  of  the  eye  during  the  waking  and 
sleeping  state.  If  we  approach  a  person  in  disturbed  sleep 
when  the  eye-lids  are  a  little  apart,  we  shall  not  see  the 
pupil  or  the  dark  part  of  the  eye,  as  we  should  were  he 
awake,  for  the  cornea  is  turned  upwards  under  the  uppei 
eye-lid.  If  a  person  be  fainting,  as  insensibility  coma 
over  him  the  eyes  cease  to  have  speculation ;  they  warn 
direction,  and  are  vacant,  and  presently  the  white  part  oi 
the  eye  is  disclosed  by  the  revolving  eft  ftvs.  c^-\«^nh 

*  See  p,  33,  -vol.  \\. 
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wards.  Look  to  a  blind  beggar ;  those  white 
not  turned  up  in  the  fervour  of  entreaty  ;  it  is  1 
state  of  the  eye-balls,  which  are  totally  blind, 
the  exercise  of  which  the  individual  has  with 
attention.  So  it  is  on  the  approach  of  death;  foi 
the  eye-lids  be  open,  the  pupils  are  in  part '. 
turned  up  with  a  seeming  agony,  which  howe 
mark  of  increasing  insensibility.  These  motions 
for  the  protection  of  the  organ  do  not  intei 
vision ;  tney  are  performed  unconsciously,  and 
that  the  impression  of  the  object  on  the  retin 
time  to  vanish  in  the  interval.  The  motions  o 
ball  for  directing  the  eye  to  objects  are  strictly 
and  are  always  connected  with  the  exercise  of 
of  vision. 

It  will  now  be  admitted  that  the  variety  of  tl 
of  the  eye  requires  the  complication  of  muscles 
find  in  the  orbit,  and  unless  the  various  offices  i 
exit  conditions  of  the  eye  be  considered,  it  will 
to  attempt  an  accurate  classification  of  the  i 
nerves  of  the  orbit. 
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XX. 

MUSCLES  OF  THJS  EYE-LED8. 

rEX  in  the  action  of  the  muscles  of  the  eye-lids,  although 
e  most  exposed  and  familiar  parts  of  any,  there  is  some- 
ing  new  still  to  be  observed.  The  eye-ball  is  held 
twixt  the  levator  palpebral,  the  muscle  which  raises  the 
e-lid,  and  the  orbicularis,  that  which  depresses  it;  the 
ie  as  it  elevates  the  eye-lid  tending  to  protrude  the  eye- 
Jl,  the  other  to  compress  and  restrain  it. 
In  paralysis  of  the  orbicularis,  the  muscle  which  closes 
e  eye,  the  eye-ball  is  protruded  ;  it  starts  more  forward 
an  is  natural ;  the  eye-lid  is  loose  and  flabby,  and  can 
j  lifted  like  a  bit  of  common  skin. 

It  is  from  this  protrusion  of  the  eye-ball  that  the  upper 
re-lid  is  raised,  and  the  lower  eye-lid  depressed,  by  one 
uscle.  Anatomists  have  sought  for  a  depressor  of  the 
ferior  eye-lid,  seeing  that  it  is  depressed  ;  but  such  a 
uscle  has  no  existence,  and  is  quite  unnecessary.  The 
vator  palpebral  superioris  opens  wide  the  eye-lids,  de- 
basing the  lower  eye-lid  at  the  same  time  that  it  elevates 
ie  upper  one.  If  we  put  the  finger  upon  the  lower  eye- 
i  so  as  to  feel  the  eye-ball  when  the  eye  is  shut,  and 
len  open  the  eye,  we  shall  perceive  that,  during  this 
jtion,  the  eye-ball  is  pushed  forwards.  Now  the  lower 
^ e-lid  is  so  adapted  as  to  slip  off  the  convex  surface  of 
ie  ball  in  this  action,  and  thus  to  be  depressed,  while 
ic  upper  eye-lid  is  elevated. 

The  origin  of  the  levator  being  at  A,  and  the  insertion 
lto  the  cartilage  of  the  upper  eye-lid  at  b,  the  effect  of 
ie  action  of  the  muscle  must  be  the  protrusion  of  the  eye- 
all  c  to  the  dotted  line.  By  the  elevation  of  the  upper 
ye-lid,  the  eye  starts  forward  a  Ut&e,  wsA  MSaa  \w« 
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\r}:  eye^M  therefore  slips  off  the  lower  se: 

ball. 


.  * ".  1&'  It  is  curious  to  observe  how  the  eye 

.-':"  \cl  condition  of  repose,  and  is  protruded 

-  1 ■'■!!■■  exercised  in  vision.  High  excitement, 


the  eye-balls  are  largely  unclosed,  is 
:  {'4  increase  of  the  sphere  of  vision  produc 

aion  of  the  eye-balls ;  a  change  remarl 
ferocious  and  timid  animals,  especially 
Such  were  the  views  of  the  motions  < 
eye-lids,  introductory  to  a  paper  on  tl 
eye  -  itself  introductory  to  observation; 
the  orbit.  The  discussion  relating  to  i 
and  minutely  anatomical  for  our  presen 
be  sufficient  if  I  state  the  deduction,— 
muscles  around  the  eye,  and  the  six  ne 
mities  reach  them,  two  sets  of  motions 
first  for  the  voluntary  direction  of  th< 
sympathy  with  vision ;  the  other  in  o 
mecnanical  and  hydraulic  apparatus  fo 
the  organ.  When  we  enjoy  the  sens< 
luntary  muscles  are  excited ;  but,  in  s 
preponderates,  over  which  we  have  nc 
and  this  is  the  condition  of  rest  as  wel 
organ. 


'  .  • 
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iTTPT  OK*  THE  VBEB  OF  THE!  PASTS  XBT  tXB  BAB* 

find  late  physiological  writers  acknowledging'  their 
ranee  of  the  functions  of  the  particular  structures  in 
organ ;  and  we  cannot  therefore  conceal  that  there  k 
fficulty  in  assigning  the  uses  of  the  puts.  Never- 
ms,  we  shall  now  endeavour  to  explain  our  concep- 
t  of  this  matter ;  and,  at  all  events,  there  is  -enough 
rove  the  main  argument  of  design  and  of  the  fine 
tation  of  liiis  organ  to  the  laws  by  which  sovnd  is  pro- 
.ted. 

he  outward  ear  of  man  and  animals  is  so  obviously 
ided  for  collecting  sound  that  there  can  be  no  cavil 
.  It  is  extended  and  moveable  in  those  animals 
;h  hear  acutely,  and  in  some,  as  the  bat,  it  is  double, 
istkig  of  one  expanded  membrane  within  the  other. 

this  brings  to  mind  an  assertion,  that  the  membrane 
te  tympanum  is  affected  by  the  vibrations  of  the  side 
le  auditory  tube  more  than  by  the  direct  impulse  of 
rtmosphere  against  it ;  for  if  there  be  one  conical  ex- 
led  external  ear  within  another,  it  is  obvious  that  there 
;  be  a  larger  surface  to  receive  vibrations  and  commu- 
te them  to  the  tube  and  membrane  of  the  tympanum. 

suffices  with  some  to  say  that  the  undulation  of  sound 
ceived  upon  the  membrane  of  the  tympanum,  and  by 
communicated  to  the  atmosphere  within.  But  how 
e  infinite  variety  of  sounds,  all,  in  fact,  that  we  hear, 
tnunicated  simultaneously  through  the  same  mem- 
e  ?  In  the  first  place,  the  membrane  is  not  simple, 
is  it  muscular,  but  contains  within  it  cords  or  fibres 
jh  run  from  its  outer  margin,  converging  towards  the 
era.    It  is  now  that  we  look  -wilVi  great  m\»raefc.^\Rrcv 
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the  experiments  of  Chladni  and  others  on  o 
lie  strews  dust  upon  one  of  these  plates,  ax 
out  a  note  by  drawing  the  bow  of  the  vi< 
edge ;  when  the  sand,  or  powder,  or  dust 
itself  in  regular  figures.  These  figures  ai 
for  their  symmetry,  dividing  the  circuml 
plate  into  equal  parts,  from  six  to  forty  ;  c 
vides  itself  into  circles  having  the  same  ce 
plate,  and  the  diametrical  and  circular  line 
produce  an  astonishing  variety  in  the  config 
particles.  Here,  then,  we  have  a  proof  tl 
there  being  a  general  undulation  or  vibratio 
membrane  of  the  tympanum,  it  may  be 
motion  taking  place  in  its  minute  parts,  and 
many  nodes  or  centres  which  remain  rr 
short,  we  perceive  a  capability  of  motion  in  1 
corresponding  with  the  variety  of  sounds  wl 
to  be  propagated  through  it.  And  if  we  s) 
that  the  general  surface  of  the  membrane  \ 
for  so  great  a  variety  of  compound  motion 
visible  upon  its  interior  surface  may  be  cor 
cient  to  allow  it  to  correspond  with  every  p< 
of  note.     (See  fig.,  vol.  ii.,  p.  41.) 

How  satisfactory  soever  the  ingenious  ei 
acoustics  and  with  musical  instruments  may 
difficulty  which  has  not  been  met  in  assign  i 
to  some  of  the  parts  in  the  ear.  The  c 
in  the  tympanum  undoubtedly  communicai 
from  the  membrane  of  the  tympanum  to  th 
of  the  sense,  the  labyrinth ;  and  nothing  is  n 
to  conceive  that  the  membrane  of  the  tymp 
ing  an  impulse,  like  a  sail  flapping  by  the 
communicate  the  same  to  the  malleus  and  in 
the  other  bones.  But  the  difficulty  arises  i 
ing  that  it  is  not  a  mechanical  impulse  whi< 
nicated,  but  a  motion  of  sound.  When  phile 
us  the  nature  of  sound  by  throwing  a  pebb 
pond  of  water  and  making  us  observe  the  c 
dulations :  or  by  striking  a  cord  and  obscrvir 
which  accompany  the  sound,  and  showing 
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subdivisions,  we  seem  to  have  overcome  all  the  difficul- 
ties of  the  science.     But  we  encounter  new  difficulties 
when  we  are  forced  to  conclude  that  all  the  combinations 
of  sound  in  an  orchestra,  for  example,  are  transmitted 
through  a  chain  of  bones,  some  of  which  are  not  greater 
in  diameter  than  a  horse-hair.   We  are  reminded  mat  the 
undulations  visible  to  the  eye  or  felt  by  the  finger  are  not 
the  motions  of  sound,  although  they  accompany  them, 
and  that  they  must  be  of  a  nature  much  more  minute  and 
delicate.     There  is  no  instance  of  one  organ  of  sense 
conveying  the  knowledge  of  a  quality  of  matter  for  the 
perception  of  which  another  organ  is  provided.     Still, 
perhaps,  these  microscopic  observations  may  assist  our 
invention.   When  a  powerful  lens  is  applied  to  a  metallic 
eord  sounding,  and  we  distinguish  the  brilliant  particles 
on  its  surface,  those  particles  have  not  the  motions  merely 
to  and  fro  which  are  caused  by  the  division  and  subdivi- 
sion of  the  elastic  cord :  those  brilliant  particles  dance  in 
figures  infinitely  varied,  combined  of  circles  and  angles 
which  it  is  perhaps  impossible  to  describe  and  reduce  to 
any  system.     Such  facts  aid  us  in  comprehending  how 
different  motions  of  sound  may  be  communicated  at  the 
same  moment. 

It  is  ascertained  that  if  a  metallic  rod  be  placed  in  con- 
r     tact  with  a  sounding-board  to  which  the  sounds  of  many 
instruments  playing  in  concert  are  communicated,  and  if 
that  rod  be  extended  to  a  great  length,  or  if  it  be  carried 
.     through  a  partition,  so  that  we  are  out  of  ear-shot  of  the 
•     instruments,  and  if  the  rod  communicate  at  its  further  end 
,     with  another  sounding-board,  the  motions  of  that  board 
will  be  given  out  to  the  atmosphere,  and  we  shall  hear  the 
concert,  that  is,  the  combined  sounds  of  the  instruments, 
although  necessarily  faint.     Here,  then,  the  music  must 
have  been  conveyed  along  the  rod ;  and  we  have  another 
proof  that  sound  cannot  consist  of  those  coarser  move- 
ments ascertained  by  the  other  senses,  but  of  something 
so  infinitely  more  minute  that  the  particles  in  the  rod  may 
convey  distinct  vibrations  simultaneously.     These  consi- 
derations certainly  countenance  our  belief,  that  however 
fine  the  chain  of  tones  may  be  which,  \tt&s>m^  Xtarow^s 
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the  tympanum,  communicates  between  the 
internal  ear,  it  is  yet  capable  of  a  variety  of 
responding  with  the  sounds,  of  which  *he 
ceptible. 

What,  then,  is  the  Meaning  of  this 
mechanical  structure  in  the  chain  of  bones  in 
levers  and  their  attached  muscles  ?     (See  -fig.  jl 
n.)    Are  not  the  three  muscles  attached  to  the  ~ 
is  fixed  to  the  membrane  calculated  to  affect  fhe 
of  the  membrane  ?   If  we  take  the  illustration  in 
we  must  remember  that  the  military  dram  is  mot  so 
as  it  has  been  represented.    The  chords  or  braces 
passeutside  the  drum  obliquely,  are  tiamtenesl  by 
down  the  knots  of  buff  leather,  and  this  not  only 
the  parchment  head  of  the  drum,  bat  tighten 
or  cords  which  run  over  the  parchment  of  the 
the  drum.     In  the  military  arum,  it  is  the  blow 
parchment  that  gives  the  loud  and  sudden  sound 
the  chords  alter  and  prolong  die  sound.    T»«  tk 
muscles  which  are  attached  to  the  mallow  and  thr&gij 
to  the  membrane  of  the  tympanum  we  must  suppose  ay 
either  brace  or  throw  loose  the  membrane  and  its  oorw;  1 
as  the  drum  is  braced  or  muffled:  and  in  this  waft*1  J 
small  muscles  of  the  tympanum  may  have  a  resembW* 
in  function  to  the  fibres  of  the  iris ;  they  may  guard  th 
nerve  of  hearing  as  the  latter  does  the  nerve  of  via* 
We  had  occasion  to  observe,  that  when  a  person  is  derf 
from  the  disorder  of  this  apparatus,  and  wnen  he  substi- 
tutes the  ear-trumpet,  he  may  hear ;  for  the  ear-trumpet, 
by  its  expanded  mouth,  collects  the  undulations  of  sound 
and  concentrates  them ;  but  there  is  this  imperfecta 
that  the  ear  wants  its  power  of  adjustment ;  and  the  per** ' 
is  accordingly  often  timid  in  the  use  of  his  instrument 
with  those  who  are  not  accustomed  to  speak  to  him,  the 
sound  of  some  voices  being  painfully  harsh.    Further,  *« 
may  not  hear  a  sound  when  called  upon  to  listen  to  it 
and  yet  when  the  particular  sound  is  described,  we  <k 
hear  it ;  now  it  remains  to  be  determined  whether  this  be 
a  power  of  adjustment  in  the  ear,  or  owing  to  the  etietf 
of  association  in  the  mind. 


uses  or  m  rum  a  xat  bab.         lift. 

■apposed  by  some  that  there  an  two  tracts  by 
mod  a  communicated  tn-the  lahyrarth;  that  K 
Mb  through  the  chain  ef  bonea  and  through,  the 
e  tympanum.  With  regard  to  the  last  mode,  I 
ceive  n»  cavity  Jess  muted  to  convey  Bound*, 
rf  haiing  a  definite  form  like  the  tube  of  the  ear, 
1  the  vibrations  ought  be  received  and  directed 

the  tympanum  opens  into  the  cells  of  the  tern* 
le,  ana  presents  the  most  irregular  surfiaee  pot- 
1  such  m  would  inevitably  break  and  deetroj  aay 
mod.  The  extension- of  cavity  of  the  tympanum; 
led  to  increase  the  6181(10117  of  the  air  in  the 
m,  but  mott  certainly  not  to-  collect,  or  to 
■n  the  sound. 

regard  to-  the  labyrinth,  comparative  anatomy 
.'onsirienibte  assistance.  Were  vibrations  of  Maad 
mnimieated  to  the  brain  the  cause  of  hearing,  thai 
slf  would  be  the  organ  and  no  special  nerve  nw- 
The  twain  in  seme  animals,  being  placed  in  a 
id  surrounded  with  fluid,  is  subjected  neceasarihj 
ion .  But  we  perceive  that  in  addition  an  appro- 
ve and  distinct  organ  are  bestowed.  There  ■> 
the  cuttle-fish,  very  little  apparatus  ii 


*  icpmeati  the  Ojr 


NATC'IUL  THEOLOGY. 

it  proves  that  the  essential  partof  theear  isthenene 
eptihle  of  sound,  and  not  the  exterior  appuatn. 
SB  sixty  years  ago,  learned  men  in  Inly  wished  to  M- 
.ain  whether  the  lobster  had  the  organ  of  hearing  V 
Tin'  celebrated  Professor  Scarpa,  then  a  yoong 
i,  imdenook  to  decide  that  matter;  not  by  looxmgfcr 
estcn  i  ir  organ,  hut  by  examining  the  brain  and  the 
ves  whic-li  go  out  from  it.  Finding  that  there  wai  a 
re  which  stood  in  the  relation  of  an  acoustic  nerve,b* 
od  it  onward,  and  found  it  terminating  in  a  little  nc 
taining  fluid,  and  open  to  the  influence  of  the  abnoi- 
-e  by  a  small  membrane  which  crossed  the  mouth  of 
This  was  the  just  and  philosophical  mode  of  pro- 
;ing.  There  being;,  in  fact,  nothing  in  the  brm 
If,  with  respect  to  its  exposure  to  tremoursor  monoa, 
-nnt  from  tho  auditory  nerve,  if  that  nerve  had  had 
■ely  to  convey  a  vibration  to  the  brain,  it  would  tin 
i]  superfluous,  as  the  brain  itself  would  have  vibrated, 
nee  we  perceive  that  an  endowment  of  a  nerve  wtaici 
II  be  ~iiJ('"[>ti>jle  of  the  sense  of  sound  is  n( 


mother  question. 
.et  lie  now  carry  alonf*  with  us  the  fact  that  solidsml 
Is  are  much  letter  vehicles  of  sound  than  the  atmov 
n;  -  that,  it  is  the  rarity  and  elasticity  of  the  atnua- 
re  which  makes  all  that  exterior  apparatus  which** 
i   been  n in sidering  necessary.    Accordingly,  an  eitfr 

ear  is  nut  wanted  in  the  fish.  If  a  man  dire  under 
er  and  carry  a  stone  in  each  hand  and  strike  u* 
is  together,  lie  is  sensible  of  a  stunning  sound,  sod 
x  (1  of  an  impression  on  the  whole  surface  of  his  boij. 
short,  although  it  was  once  doubted  whether  water 
■ '■:  propagating  sound,  a.  hundred   instance* 

now  lie  brought  forward  to  prove  that  it  can  rceein 
iropagato  every  degree  of  sound  and  tone.  Aatin, 
'ii  we  find  that  the  solid  parts  of  the  head  convej 
ids,  we  iierceivc  that  in  the  fish  there  is  no  oeraika 
n  for  ail  external  opening,  far  less  an  external  est. 

apparatus  of  a  totally   different  kind  is  bestowed 
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a  little  sac  of  fluid  a  bone  or  concretion  is  sus- 

which,  being  more  solid  than  the  surrounding 
ceives  the  vibration,  and  moves,  necessarily  pro- 
waves  or  motion  in  the  surrounding  fluid,  and 
ently  an  agitation  of  the  extremities  of  the  nerve 

to  the  fluid.  A  very  simple  but  curious  expcri- 
'  Professor  Camper  illustrates  the  effect  of  this 
3 :  A  bladder  containing  a  marble  and  full  of  water 
Bid  in  the  hand,  the  slightest  motion  of  the  hand 
;nded  with  a  vibration  communicated  from  the 
»  the  hand :  the  effect  of  the  motion  of  the  marble 
3  surrounding  water. 

respect  to  the  semicircular  canals  above  described, 
;  a  loss  to  understand  what  is  meant  by  some 
saying  that  their  use  is  not  known.  These  canals 
)f  an  elastic  membrane  full  of  fluid,  with  a  nerve 
ed  upon  the  septum  of  one  extremity :  are  they 
i  admirably  suited  to  receive  the  impulses  which 
eyed  through  the  bones  of  the  head  ?  That  they 
is  clear  from  their  being  found  in  the  heads  of 
there  there  is  no  access  of  vibration  to  the  nerve 
hrough  the  bone.  But  we  are  affected  by  the 
ten  our  head  is  on  the  pillow  and  we  are  awakened 
le  moving  in  the  house  :  the  alarm  is  through  the 
nes  of  the  head.  And  when  the  Indian  puts  his 
ic  ground  to  hear  a  distant  tread,  he  is  substitut- 
communication  through  the  solids  and  the  bones 
ead  for  the  atmospheric  impulses. 
i,  let  us  recur  to  the  proposition  that  sound  is 
ted  to  the  internal  ear  in  two  ways :  through  the 
'  bones  and  fenestra  ovalis  into  the  vestibule,  and 
ough  the  air  of  the  tympanum,  and  by  the  fenestra 

into  the  cochlea.  There  appear  strong  objec- 
this  doctrine.  It  declares  the  chain  of  bones  and 
)pended  muscles  and  beautiful  articulations  to  be 
ter  useless  ;  for  if  the  sound  can  be  communicated 

the  air  of  the  tympanum,  what  is  the  meaning  of 
lplex  apparatus  ?  And  if  the  bones  of  the  ear 
licate  better,  what  is  the  use  of  the  vibration 

by  any  other  course  ?     Let  us  uxtderatacv^  taffiB^ 
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that  the  whole  exterior  apparatus — that  is  to*/;  tie  ^ 

exterior  to  the  labyrinth — are  necessary  only  to  pcsVfe 
hearing,  and  that  when  they  are  all  gone  by  dimse,  **■ 
essential  parts  of  the  organ  which  we  see  sufice  »* 
lower  animals,  continue  to  receive  sounds. 

The  apparatus  of  bones  and  muscles  cuuiwJslvB 
he  membrane  of  the  tympanum  (see  vol.  n.,  p.  J9V ' 
S3ore  consequence  than  physiologists  allow.  It  is 
tial  to  perfect  hearing,  wen  when  the  sound  is 
through  the  solid  bones.  If  we  hold  a  watch 
the  teeth,  the  sound  is  propagated  through  the  solid 
but  let  us  compress  and  close  the  outer  tube  < 
of  the  ears,  and  the  sound  will  be  increased  on  tint  s»  k* 
If  a  person,  being  deaf  in  one  ear,  put  his  watch  de»* 
that  ear,  he  will  not  hear  the  ticking ;  but,  if  at  tbes* 
time  he  presses  on  the  tube  of  the  other  ear  and  eVw  5 
he  will  then  hear  the  ticking  on  that  side.  It ^ff* 
that  in  this  experiment,  the  sound  propagated  throat*"1 
bones  is  not  given  directly  to  the  nerve,  but  to  the"* 
brane  and  bones  of  the  tympanum,  and  through  them  Bit  b& 
upon  the  nerve.  The  air  in  the  outer  tube  of  the  «*t 
being  pent  up  by  the  pressure  of  the  fingers  and  «** 
pressed,  receives  the  vibration,  reverberates  on  the  «*  ■ 
brane  of  the  tympanum,  and  puts  the  apparatus  ta^Y 
the  tympanum  into  play. 

Drawing  a  fair  inference  from  the  demonstrttwM 
would  appear  that  the  impulses  upon  the  membrane  of* 
tympanum  are  communicated  to  the   membrane  of* 
fenestra  ovalis,  and  that  the  opening  called  the  ft***1 
rotunda,  closed  by  a  similar  membrane,  is  for  the  porp1* 
not  of  receiving  impulse  from  without  but  of  yield^M1 
that  impulse  from  within.     For  example,  if  we  supp9*11 
bottle  of  water  full  to  the  lip,  and  a  bladder  drawn0* 
it  so  that  not  a  bubble  of  air  is  contained,  although  *■* 
water  must  be  admitted  to  be  compressible,  an  iflp*j 
upon  the  bladder  would  produce  no  such  effect  as  wojj 
follow  were  there  a  hole  covered  with  a  bladder  upon* 
side  or  bottom  of  the  bottle ;  for  then  each  impulse  up* 
the  top  would  be  attended  with  a  yielding  of  tne  bhA* 
below  and  a  consequent  agitation  in  all  the  intermedin 
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'hm,  it  appear*  to  us  that  die  use  of  the  fenestra, 
tnd  its  membrane  is  to  give  play  to  the  membrane 
Bnestra  oralis,  and  that  without  this  provision, 
there  might  be  a  general  impulse  communicated 
luid  in  the  labyrinth,  like  that  communicated 
the  bones  generally,  there  could  be  no  wave  or 
>n.  If  the  shutting  of  the  Eustachian  tube,  d, 
,  rol.  ii.),  so  confines  the  air  in  the  large  cavity 
mpanum  as  to  render  us  deaf,  what  would  be  the 
nee  of  the  labyrinth  (which  contains  water) 
at  in  on  every  side  ?  The  play,  then,  of  the 
'  the  tympanum,  and  of  the  membrane  of  the 
ovalis  and  of  the  fenestra  rotunda,  is  not  only  re- 
»  produce  an  undulation  in  the  fluid  within  the 
i,  but  that  undulation  must  take  the  particular 
trough  the  scala  of  the  cochlea,  descending  into  it 
jala  vestibuli  and  ascending  by  the  scala  tympani. 
ol.  ii.,  page  87.)  In  this  view  it  becomes  inter- 
*  consider  the  distribution  of  the  nerve  in  the 
since  this  internal  part  of  the  organ  is  so  obviously 
d  with  the  finer  exterior  apparatus.  We  have 
hat  the  nerve  passes  into  the  modiolus  and  extends 
idge  of  the  lamina  spiralis,  so  that  the  sonorous 
>ns  continued  through  these  passages  must  affect 
3  on  two  surfaces ;  and  whether  we  consider  the 
;o  be  like  the  bending  of  the  spiral  turns  of  a 
trument,  or  the  fibres  of  the  lamina  spiralis  to  be 
•cession  of  chords  diminishing  regularly  in  length, 
t  least  imagine  that  at  one  time  the  whole  por- 
le  nerve  may  be  brushed  and  agitated,  and  that 
?r  it  may  be  partially  affected. 
>rt,  the  concavities  of  the  central  cavity  of  the 
i,  the  vestibule,  may  produce  an  eddying  of  the 
that  the  motion  shall  be  concentrated  to  a  point, 
i  point  there  is  seated  a  portion  of  the  nerve ;  or 
llation  may  pass  round  the  semicircular  canals 
t  the  septum  of  each  ampulla  ;  or  by  being  pro- 
through  the  cochlea  it  may  touch  fibres  of  the 
riralis  of  different  lengths.    All  we  mean  to  affirm 
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is,  that  there  is  so  great  an  extent  and  variety  in  t 
tribution  of  the  acoustic  nervej  and  also  in  the  cans 
cavities,  as  fairly  to  give  us  reason  for  believing  ti 
be  the  sources  of  that  extensive  scale,  and  of  a 
changes  and  combinations  of  sound  which  we 
through  this  sense. 
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XXII. 

OP  THE   CIRCULATION. 

•  animal  body  is  attended  with  a  never-ceasing  - 
he  whole  framework.  Not  merely  is  there  a 
)lood  running  in  a  circle,  but  all  the  things 
nto  the  composition  of  the  animal  body,  solids 
luids,  are  under  an  influence  that  keeps  them 
:  change.  This,  indeed,  is  the  object  or  end 
ilation :  for  the  blood  contains  in  a  fluid  state 
omposed  the  solid  framework.  We  might  say 
id  matter  was  resolved  or  melted,  but  that  it  is 
>n  which  thus  reduces  the  texture  to  the  con- 
fluid.  At  the  same  time  that  the  blood  con- 
has  been  the  material  of  the  body,  it  con- 
>f  new  matter,  the  product  of  digestion  and 
i,  and  which  is  destined  to  take  the  place  of 
il  that  has  been  removed.  The  circulating 
us  made  the  agent  by  which  the  revolution  of 
limal  frame  as  well  as  of  the  fluids  is  accom- 

n  by  this,  that  there  is  nothing  permanent  in 
body.  We  see,  and  perhaps  without  much 
iat  a  part  cut  heals,  that  a  part  excavated  or 

is  soon  replaced,  and  in  some  of  the  lower 
.t  members  cut  off  are  actually  reproduced :  all 
,  but  it  requires  fine  experiment  and  accurate 
o  enforce  the  conclusion  that  the  animal  body 
rowing,  always  forming ;  and  that  this  inces- 
tion  in  the  material  of  the  frame  is  the  grand 

between  the  living  structures  of  the  animal 
machinery.  In  the  former  there  is  a  principle 
on  incessantly  at  work,  so  tYvafc  \W  *a&siv  to 
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exercise  is  attended  with  no  wear  and  tear,  fast, 
contrary,  the  greater  the  activity  the  more  pent 
structure,  and  what  we  term  the  healing  promt, 
reproduction  of  parts,  is  the  continuance  of  sn  , 
which  has  had  no  interval. 

It  being  absolutely  proved  that  there  is  nothing 
manent  in  the  body,  we  leave-  the  reader  to  consVde 
question,  which  forces  itself  upon  him,  "  What  the 
it  that  rives  identity  ?    How  cornea  the  pecolkrit 
form  and  constitution  and  complexion  to  remain— or  I 
does- the  memory  serve  as— when  the  maJttpalkaft  k 
many  times  removed?"    But  we ha*e.  rather  mooaai 
the  grand  operation  by  which  tbeaeehangeaaiu  ina) 
—the  circulation.  i 

Modern  chemists  have  estimate*  that  OB* 
charcoal  are  thrown,  off  from  the  blood,  hi 
hours,  and  this  uniting  with  13,399  graiaa  of  i 
the  atmosphere  that  is  breathed,  cooatttetoa,  1 
proportion  of  caloric,  the  carbonic  acid  flan  waisti* 
charged  from  the  lungs..  Other  saevatkms  are  is»< 
posing  of  the  material  of  the  body ;  and  althoaga  ' 
be  necessary  to  health,  it  is  the  function  of  m*8*... 
which  is  the  moat  directly  necessary  to  life,  andwaw 
guarded  by  pain  and  anxiety  experienced  the  m*ri 
that  interruption  is  begun.  ' 

We  may  already  comprehend  hoar  the  blood.  lM*j 
a  great  circle,  taking  up  the  material  of  the  body  •?■ 
absorbents  and  veins  of  the  body,  and  throwing  itaf  1 
the  lungs :  and  how  blood  returning  from  the  magvf 
rifted  by  exposure-  to  the  atmosphere,  cornea  beck*' 
heart  to  complete  its  eircle.  We  readily  coneer*!1 
how  this  pure  blood  ia  necessary  to  all  the  vital  opt 
tions,  to  the  nourishment  and  growth  of  the  body ;  m 
is  not  so  easy  to  comprehend-  the  manner  in  which 
force  of  the  circulation  ever  keep*  pace  with,  the  cfl 
tion  of  the  body :  active  during  tne  exercise  of  the  be 
reduced  and  equable  during  repose;  or  how  the  k 
generally  will  have  the  circulation  modorato  in  dag 
whilst  an  individual  part  being  excited  and  in  action  i 
be  accommodated  with  an  activity  of    *     '  " 
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»ned  to  the  necessity  for  it.  It  is  not  possible,  on 
rdraulic  principles,  to  explain  how  the  blood  shall 
.  to  the  toes  or  ascend  to  the  head  by  one  im- 
nd  yet  with  a  force  exactly  proportioned  to  the 

and  elevation  of  the  member.  Nothing  is  more 
le  than  the  manner  in.  which  the  heart,  as  the 
igine  in  the  centre,  has  its  irritability  and  power 
i  united  in  close  relation  to  the  condition  of  the 
If  the  pulse  is  to  be  felt  by  the  physician,  the 
must  recline,  for  if  he  stand  up,  on  hydraulic 
es  a  greater  force  is  required  to  move  the  upright 
of  blood,  and  the  heart  beats  more  rapidly ;  and 
pecially,  is  more  remarkable,  if  the  person  bt> 
nd  weak;  For  the  same  reason  no  physician  feels 
te  when  his  patient  is  anxious  or  perturbed,  or  at 
i  must  calculate  en  the  pulse  being  accelerated, 
ind  many  other  examples  might  be  brought  to 
at  die  circulation  alters  in  correspondence  with 
tion  of  the  body,  and  with  its  exercise ;  and  that 

with  the  emotion*  #f  the  mind,  as  well  as  with 
nges  in  the  position  and  movement  of  the  frame, 
rn  from  this  that  the  heart,  through  its  sensibili- 
the  regulator  of  the  circulating  system,  and  that  it. 
lis  purpose  that  it  has  such  extensive  sympathies. 
*emarks  we  premise  as  reminding  the  reader  that 
•e  more  things  to  be  admired  in  the  contemplation 
iving  animal  frame,  than  can  be  brought  under  the 

the  mechanism  of  the  circulating  organs,  or  the 
ion  of  the  tubes  to  the  known  principles  of  hy-» 
.  It  is,  however,  to  these  that  we  must  bow  beg 
ntioB. 
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OF  THE  VEINS. 


Our  author  has  taken  up  the  notion,  which  indeed  k] 
conveyed  in  anatomical  books,  that  the  veins  are  irregoki .1 
in  their  form  and  course.     We  hold  this  to  be  a  daageH 
ous  admission :  first,  because  it  leads  to  the  guppofltkaU 
that  there  is  a  certain  imperfection,  and  as  it  were  nef-r| 
ligence,  in  the  structure  of  the  frame ;  and  secondly,  be- 
cause it  induces  the  inquirer  to  be  satisfied  with  a  yoj 
superficial  survey.    The  veins  are  considered  as  wan 
conduit-pipes,  to  carry  back  the  blood  from  all  parte  A 
the  body  to  the  heart.    But  they  are  much  more;  thef^ 
are  reservoirs.     Where  could  that  large  proportion  « ' 
blood  which  is  necessary,  be  deposited  witn  more  safety 
to  life  than  in  those  recesses  or  interstices  left  by  the 
bones  and  muscles  of  the  body  ?     But  whilst  this  object 
is  secured,  another  more  important  one  is  attained  by  the 
turning  and  twisting  of  the  veins  into  the  crevices  and 
unoccupied  spaces :   for  they  become  thus  liable  to  be 
pressed  by  the  action  of  the  muscles ;  and  so  it  comet 
about  that  the  blood  is  permitted  to  move  on  slowly  it 
these  recesses  whilst  we  lie  inactive,  but  when  we  are 
aroused  into  action,  it  is  pressed  onward,  the  dimenskoi 
of  the  reservoirs  are  diminished,  and  the  blood  is  accu- 
mulated upon  the  more  active  heart,  and  is  ready  to  an- 
swer the  demands  of  the  system  which  that  very  activity 
requires.      The  sensations  at  the  heart  exciting  the 
respiration,  the  chest  is  expanded,  and  the  veins  enlarged; 
and  by  the  alternate  suction  and  compression  upon  those 
great  veins,  the  heart  is  liberally  supplied.     By  this 
arrangement,  then,  there  is  ever  a  correspondence  pre- 
served between  the  ac&v\ty  <sf  ttabody  and' the  rapidity 
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tion.  For  this-  is  the  sequence  of  actions— 
into  activity ;  the  blood,  which  was  slowly 
»  pressed  forward  to  die  heart:  2.  The 
nded  and  excited :  3.  The  sympathy  or  bond 
areen  the  heart  and  fangs  makes  a  call  upon 
>ry  action ;  and  the  decarbonization  of  the 
dace  more  rapidly :  4.  The  return  of  arterial 
tie  lungs  to  me  heart  is  accelerated,  and  the 
tes  the  action  of  the  arteries:  6.  The  in- 
ns! action  supports  the  exercise  of  the  mus- 
;  and,  thus,  there  is  a  circle  of  relations 
irising  out  of  that  very  seeming  irregularity 
;  their  position  and  general  condition  ensure 
on  of  circulation  corresponding  with  the  ac- 
muscular  system. 

;,  that,  in  comparing  the  branching  of  the 
le  arteries,  there  seems  to  be,  as  anatomists 
»ains  to  show,  an  appearance  of  clumsiness 
rity  in  the  former  compared  with  the  latter ; 
re  not  inquired  whether  there  was  a  reason 
sty — whether  the  distinction  in  the  manner  of 

joining  a  larger,  accords  with  the  direction 
n  these  tubes  or  not — and  yet  this  is  a  ques- 
urally  suggested,  if  we  have  a  firm  conriction 
atural  body  nothing  is  formed  imperfectly,  or 
Accordingly,  it  does  appear  that,  in  the  dis- 
water-pipes,  it  is  Tery  necessary  to  attend  to 

which  a  small  pipe  joins  a  larger.  If  a  pipe 
o  another  contrary  to  the  direction  of  the 
discharge  into  that  lateral  branch  from  the 
rill  not  only  be  much  smaller  than  what  we 
ite  by  the  ammeter  of  the  tubes  it  should  be, 
n  circumstances  it  will  discharge  nothing  at 
e  water  will  be  drawn  from  the  lesser  tube 
iter. 

found  that  when  a  small  tube,  b,  was  inserted 

of  a  horizontal  conical  tube,  a,  in  which  the 
>wing  towards  die  wider  end,  c,  not  only  did 
ape  through  the  smaller  tube,  but  water  to.* 
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vessel,  at  a  considerable  distance  below,  was  drawn  if 
through  the  lesser  tube  into  the  greater. 

With  these  facts  before  us,  we  turn  with  interest  to 
curves  of  the  arteries  and  vein**  seeing  that  the  com 
fluids  flow  in  the  one  from  the  trunk  to  the  branch,  in 
other  in  an  opposite  direction  from  the  smaller  to 
greater  vessel. 


And  now,  if,  instead  of  taking  the  artery  as  the  a 
portant  vessel,  and  the  vein  as  less  so— and  therefr 
negligently  contrived,  we  consider  both  of  them  to 
important  and  perfect — we  ought  to  expect  that 
course  and  curves  should  differ. 

In  the  artery,  where  the  blood  is  passing  from  the  I 
towards  the  extremities— that  is,  from  trunk  to 
the  branches  slightly  diverge  from  the  direction  of 
stream  in  the  trunk  ;  whilst  the  branch  of  the  vein,  wi- 
the blood  is  passing  from  the  lesser  into  the  larger  HH 
sel,  enters  abruptly  and  at  right  angles.  From  this  iH 
appears,  that  if  we  could  imagine  such  a  inalfcfmatkmsp 
that  the  offices  of  these  vessels  were  changed,  congest** 
would  immediately  take  place,  and  the  circulation  cosH 
not  be  carried  on.  ' 

It  appears,  further,  that  if  the  veins  were  rigid,  *F 
placed  in  circumstances  where  their  aides  remained  spirt 
when  wounded,  instead  of  btacA  Meaning,  air  might  t* 
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to  them  through  the  expansion  of  the  chest  in 
5 — and  this  ia  a. most  important  circumstance; 
i  such  an  accident  takes  place,  death  follows  in- 
wsly.  When  a  reservoir  is  emptied  by  a  per- 
ir  tube,  into  which  a  smaller  tube  is  inserted,  the 
scending  b?  the  larger  tube,  instead  of  escaping 
isaer,  will  draw-  the  water  up  through  that  lesser 
a  to  empty  the  glass  in  which  its  lower  end  ia 
i.    B     ■'" 

'  be  negative  ;  and  we  are  made  aware  that  the 
lent  in  question,  instead  of  being  a  negligent  or 

joining  of  the  branch  to  the  trunk,  is,  on  the 
i  a  provision  for  the  leaser  tube  entering  at  a 
ngle  into  the  side  of  the  greater  one. 
i  tubes  join  to  form  a  larger  tube,  and  a  hole  be 

the  angle  of  their  union,  and  if  tne  watex  finrai 


m 

from  the  leaser  tabes  into  the  greater  tube,  no  into 
escape  by  the  hole:  in  other  worda,  then  is  a  poi 
negative  prciwe.  Now  it  is  remarkable  that  the  ?( 
which  are  called  absorbents  enter  into  the  renooi  n 
at  the  angle  of  anion  of  the  gnsat  vein*;  thatii, 
point  of  negative  p 
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XXIV. 
OF  THB    IKTIMHBB. 

>erhap8  no  finer  proof  of  tfye  adaptation  of  the 
f  circulation  to  the  principles  of  hydraulics 
ct  of  the  increasing  diameters  of  the  arteries 
ede  from  the  heart.  Mr.  John  Hunter  took 
i  to  prove  this :  and  he  did  demonstrate  that 
at  artery  divided  into  two  branches,  the  united 
e  branches  were  greater  than  the  area  of  the 
t  when  the  branches  subdivided,  the  united 
!  subdivisions  were  greater  than  the  areas  of 
from  which  they  were  derived,  and  so  on  to 
e  vessels.  Reflecting  on  this,  it  is  interesting 
it  the  engineer  in  laying  down  pipes  comes 
to  the  conclusion,  that  a  pipe  dividing  into  two 
/hose  united  areas  are  exactly  equal  to  the  area 
m  which  they  proceed,  will  not  deliver  the 
ity  of  water  that  would  have  flowed  through 

tube.  He  discovers  that  he  must  take  into 
i  attraction  and  friction  of  the  fluid  upon  the 
hat  the  smaller  the  calibre  of  the  tube,  the 
ittraction  or  friction  will  be  proportionably  the 
)oes  not  this  fact  coming  out  in  practice  prove 
he  united  areas  of  the  smaller  branches  of  the 
arger  than  that  of  the  trunk  from  which  they 

?  If  any  further  explanation  be  necessary  it 
it  the  water  flowing  in  a  tube  runs  more  ra- 
»  centre  than  at  the  sides — or,  in  other  words, 
s  a  certain  attraction  or  friction  at  the  sides. 
s  in  standing  by  a  flowing  river ;  the  friction 
r  against  the  bottom  and  the  sides  retaxd&thfe 
Ust  the  velocity  of  the  current  Sa  gratetX  V& 
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the  middle.  As  the  water  in  the  river  is  delayed 
bottom  and  sides,  so  is  the  fluid  nearest  the  sicks  of 
tube  retarded  by  the  friction  between  the  Asia  aei 
solid.  Thuswe  see  a  retnaitablecntWiilrsa^bsteiKia 
the  increasing  diameters  of  the  cnrnlating  fisjwjh,  isltoe 
of  tubes  laid  down  upon  accurate  hydraulic  prinanVssJffj 

From  the  diameter  of  the  arteries  being  ssgH 
they  recede  from  the  heart,  two  advantages  an 
tained :  first,  that  the  blood  k  driven  on  with  ™ 

ease:  and  secondly,  that  the  extreme  arteries 

in  some  measure  like  the  veins,  reservoirs  of  blosi. 
man  of  middling  stature  has  thirty-three  ponds  of 
in  his  circulating  vessels ;  end  did  the  tossuIs  notei 
as  they  receded  from  the  heart,  there  would  be  no 
for  the  deposit  of  this  great  quantity  of  blood, 

We  may  venture  upon  some  further  illustration* 
stream  of  water,  uncounted,  will  take  a  very  oHI 
form  if  falling  by  its  own  gravity  from  what  itwl 
if  forced  in  any  other  directm,  by  a  **#  d  ferae.    r~ 
water  is  poured  out  of  a  vernal  it  acquires  velocity  m 
descends ;  the  column  is  largest  above  and  draws  I 
below,  because  it  is  increasing  in  velocity,  and  the  stum 
that  has  a  greater  velocity  mutt  be  smaller  in  dnmsmr: 
but  continuing  to  descend,  the  stream  acquires  sues  I 
degree  of  velocity  that  the  atmosphere  offers  resistant*, 
and  then  it  again  spreads  out    But  a  column  of  wis* 
sent  upwards  as  a  jet  d'eau,  instead  of  contracting  as  t 
ascends,  enlarges.    The  fluid  is  retarded  as  it  motmfc;1 
and  the  stream  being"  still  propelled  from  below,  it  ■ 
forced  between  the  filaments  of  the  column  above  aw 
disperses  them,  enlarging  the  column  as  it  ascends  aw 
giving  it  a  conical  form.      Hence  it  follows  that  i* 
water  is  to  be  discharged  from  a  reservoir  along  a  hori- 
zontal tube,  it  will  flow  more  rapidly  if  the  tube  be  i 
cone,  with  its  lesser  end  inserted  into  the  reservoir ;  fa 
the  weight  of  the  water  in  the  reservoir  still  being  a  a 
a  tergoj  and  the  stream  from  behind  forcing  itself  be 
tween  the  filaments  of  the  column  and  so  cbspereiq 
them,  it  is  clear  that  the  increasing  diameter  of  the  tub 
will  correspond  with  tin*  nstamL  TC&ax^gen&iu*.  4t  tk 
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x&nm  of  water,  and  give  it  an  unimpeded  exit.    I 
,  we  have  another  explanation  of  the  increi 
eter  of  the  arteries  to  receive  the  blood  propelle 
^  heart. 

Xn  laying  pipes  for  a  jet  deau,  the  ascent  of  the  \ 

be  diminished  by  any  sudden  an^le  in  the  tube ; 

ajutage  must  rise  from  the  horizontal  pipe  wi 

le  sweep,  or  the  jet  will  not  reach  so  high  as  it  o 

do,  from  calculating  the  height  of  the  water  in 

oh*.   This  circumstance  explains  the  parabolic  c 

i  the  great  artery  takes  in  going  off  from  the  h< 

explains  also  why  the  branches  of  this  great  arter 

"at  different  angles,  and  why  near  the  heart  the  br 

off  at  a  greater  angle  from  the  direction  of 

We  have,  perhaps,  said  enough  to  remove  the  n< 
'  there  is  anything  like  irregularity  in  the  course 
ibution  of  the  vessels  of  the  living  body.     But  1 
some  other  laws  of  hydraulics  which  give  intere 
structure  and  action  of  the  circulating  vessels, 
icity  of  the  coats  of  the  artery  is  a  subject  of 
t^foortance  in  surgical  pathology,  and  has  very  pro] 
:'*fcf>een  deeply  considered.    This  power  has  not,  how< 
net  with  sufficient  attention  as  one  of  the  forces  pn 
line  the  blood. 
3       The  law  of  inertia  is  easily  comprehended  as  it  reg 
tolids.     Every  thing  about  us  proves  that  it  is  more 
colt  to  move  a  body  at  rest,  than  to  accelerate  it  wh 
31  lias  been  put  in  motion.  The  same  law  holds  of  a  col 
^ '  of  water  in  a  pipe  :  it  is  easier  to  keep  it  in  motion 
to  put  it  in  motion  from  a  state  of  rest.    From  tl 
follows  that,  in  propelling  water  through  a  pipe 
forcing-pump,  as  the  impulse  is  given  at  intervals, 
as  the  whole  column  is  at  rest  after  each  stroke  o 
r    piston,  much  of  the  force  must  be  lost.    Now  if 
i    neart  contracted  and  propelled  the  blood  into  the  ar 
i    and  there  was  then  an  interval  of  rest,  during  w* 
i    Wood  was  stationary,  the  next  pulsation  of 

*  This  refers  more  especially  to  1he  Votetootia 
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would  be  in  part  at  lea  „ 

from  ■  state  of  rest  into  a  Kate  of  motion, 
best  understood  by  following  tbe  mrooawTB  ecnXrin 
which  tbe  engineer  has  employed,  in  raising  wtb 
keep  tbe  column  in  motion  uninterruptedly,  aad  t 
fore  to  uae  his  power  in  acceleration;  the  iliiani,  ■ 
bringing  it  from  a  state  of  rent  into  a  state  of  n 
The  first  idea  ni  to  have  two  forcing-  pipe*  nuU 
one,  no  that  one  Mroke  ahould  succeed  another  w 
interval,  fint  it  was  soon  diteovemd  that  there 
difficulty  in  adjusting  exactly  the  two  force* ;  ant 
wae  found  that  three  forcing-pump*  were  better  thai 
a*  more  effectually  providing  against  any  internal 
the  motion  of  the  stream ;  die  second  filling  np  t 
terra!  between  the  impulse  of  tbe  first  and  third. 
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i  of  the  ports  of  the  engine  shows  the  desire 
er  to  avoid  interruption  in  the  stream.  Bat 
>  well  illustrate  our  proper  subject  as  the 
n,  which  was  to  employ  an  elastic  power ; 
neer  contrived.it  thus : — A  portion  of  air  is 
reservoir ;  the  pipes  of  two  forcing-pumps 
ito  the  reservoir,  and  they  fill  it  half  full  of 
e  mouth  of  the  pipe,  d,  which  is  to  convey 
er,  reaches  into  the  water  in  the  reservoir. 

rises,  the  air  is  compressed :  so  that.  aJU 
pumps  act  alternately,  the  plasticity  of  the 
acts  uninterruptedly  in  pressing  06  the  anr- 
rater,  and  raising  it  by  the  tune,  d,  in  an 
m.  The  elasticity  of  the  contained  air  fflb 
al  between  the  actions  of  the  pumps,  and 

interruption  to  the  force  with  which  the' 
elled  upwards. 

ise  are  sufficient  indications  of  the  necessity ' 
era  acting  in  propelling  the  blood  from  the 
first  is  a  sudden  and  powerful  action  of  the 
le  second  is  a  contraction  of  the  artery, 
nilar,  excited  by  its  distention :  the  third, 
perty  independent  of  life,  is  a  power  per- 
lterval  or  alternation ;  it  is  the  elasticity  of 
the  artery:  and  these  three  powers,  duly 
p  up  a  continued  stream  in  the  Wood-vessels. 
lat  when  an  artery  is  wounded,  the  blood 
39 ;  but  that  proceeds  from  the  regular  ac- 
a  jet  which  yet  has  no  actual  interruption, 
lis  continued  flow  of  the  blood  provided, 
be  a  loss  of  power,  at  each  pulsation  of  the 
•yinp  the  blood  from  a  state  of  rest  to  a  state 
md  if  we  consider  how  many  pulses  there 
enty-four  hours,  80,000,  we  mar  make  some 
tie  loss  of  vital  power  that  would  accrue  had 
neglect  of  the  law  of  inertia  in  the  apparatus 
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XXV, 

MICROSCOPIC   PHENOMENA   IN  THE  ANIMAL  BODY- 
MOLECULAR  MOTIONS— CILIARY  MOTION8. 

We  have  noted  the  judicious  course  pursued  by  Dr. 
Paley,  in  preferring  the  proofs  of  design  drawn  from  the 
structures  of  our  bodies,  which  secure  our  existence,  or 
minister  to  our  comforts  or  enjoyments ;  for  in  these  there 
may  well  be  perceived  the  object  of  the  provisions,  and 
the  mode  by  which  they  are  attained  ;  and  this  supports 
us  in  a  due  estimate  of  ourselves, — seeing  that  there  is 
so  much  care  of  us,  and  that  our  bodily  and  intellectual 
endowments  have  so  many  relations  to  the  system  of 
nature.  By  the  aid  of  the  telescope  or  microscope  we 
are  equally  carried,  as  it  were,  out  of  ourselves,  to  view 
nature  foreign  to  us.  If,  it  has  been  justly  observed,  in 
contemplating  the  heavens  with  minds  ill  confirmed  as 
to  the  intentions  of  Providence  towards  us,  the  study  is 
far  from  being  consolatory,  the  same  may  be  said  of  the 
microscopic  world.  The  discovery  of  the  universal  pre- 
valence of  life,  of  animals  within  animals,  of  the  inha- 
bitants of  a  drop  of  fluid  as  difficult  to  enumerate  or 
arrange  as  those  of  the  ocean,  gives  rise  to  thoughts 
which  do  not  flatter  our  self-importance,  more  than  the 
contemplation  of  the  magnitude  of  the  heavenly  bodies, 
and  the  extent  of  space  through  which  they  range.  It 
will,  therefore,  be  tending  to  the  object  of  this  volume  to 
show  that  with  the  microscope,  that  is,  by  observing  the 
atoms  of  our  frame  which  are  invisible  to  the  naked  eye, 
we  discover  motions  and  actions,  both  of  inorganic  and 
animated  particles,  which  tend  to  the  preservation  of  life, 
and  to  the  performance  of  the  offices  in  the  animal 
economy,  fully  as  remarkable  as  the  contractions  of  the 
heart,  or  the  play  of  the  lungs. 
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It  will  be  necessary  to  the  correct  estimate  of  the  facts 
which  we  have  to  mention,  that  we  advert  to  a  curious 
discovery  of  Mr.  Brown,  relative  to  the  motions  of  in- 
organic molecules.  This  gentleman's  celebrity  is  of  a 
kind  which  may  not  readily  be  comprehended  by  some 
readers;  for  his  retired  and  philosophical  habits  cause 
him  to  occupy  a  small  space  in  society  at  home,  in  com- 
parison with  that  reputation  which  extends  wherever 
science  is  cultivated.  He  was  directed  to  this  subject 
by  a  motion  visible  in  the  pollen  of  plants,  when  under 
his  microscope,  which  led  him  to  further  investigations  ; 
and  he  found  that  when  inorganic  as  well  as  organic 
bodies  were  minutely  divided,  and  floated  in  a  drop  of 
water,  active  motions  were  seen  in  the  molecules.  The 
motions  of  these  particles  are  different  from  those  of 
animated  matter.  The  molecules  are  spherical,  and  be- 
tween l-20,000th  and  l-30,000th  of  an  inch  in  diameter. 
I  have  myself  seen  these,  and  nothing  can  be  more  sur- 
prising than  their  evolutions,  like  figures  in  a  dance, 
apparently  produced  by  the  attraction  and  repulsion  of 
the  particles  themselves.  It  might  be  supposed  that  the 
rapid  evaporation  from  the  surface  of  the  drop  would 
produce  eddies  within  it,  and  that  these  molecules  were 
carried  by  the  circulation  of  the  fluid ;  but  the  ingenious 
mode  by  which  Mr.  Brown  prevented  the  evaporation  of 
the  watery  particle,  by  surrounding  it  with  oil,  whilst 
the  motions  of  the  molecules  continued,  refutes  this  hypo- 
thesis, and  inclines  us  the  more  to  rejoice  that  the  curious 
phenomenon  was  discovered,  not  accidentally,  but  by  a 
philosopher. 

Indeed,  whilst  looking  upon  these  molecules,  we  are 
surprised  by  bodies,  obviously  animalcules,  jostling  them, 
and  darting  across  the  field  of  the  microscope ;  and  the 
natural  reflection  is,  how  much  more  minute  must  the 
constituent  parts,  or  molecules,  of  these  animalcules  be ! 
Their  motions  are  not  fortuitous,  or  owing  to  any  polari- 
zation or  influence  external  to  them,  as  galvanism  or 
magnetism :  they  have  instincts  and  appetites,  and  are 
susceptible  of  excitement :  their  bodies  are  nourished  Ire 
digestion,  or  imbibition  ;  they  have  c\rcu\a.t\otv,  \ko\Mga. 
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it  may  be  with  a  different  apparataa  tak  twill 
animals:  their  circulating fUiida, ill 
their  apparatus  foriaotio^impLjr  t»t*tfce\ 
cules  of  their  composition  must  be  inenssti  _ 
in  comparison  with  the  minute  particlea  wax*  * 
contemplating :  and  this  we  state,  to  de  away  wee 
speculations  which  men  ase  proa*,  to  isriaaea  lay 
they  suppose  that  they  have  at  kat  attained  a,  sig 
these  active  molecules,  of  the  ultimate  partiasai  * 
constitute  the  frame-work  of  annuals.* 

Another  class  of  fads  drawn  front  the 
is  no  leas  wonderful  than  the  motion  of 
molecules :"  weaUude  tooertain  vibratory 
as  they  are  termed,  b&iry  aiotioa%  on  the 
faces  of  animals.  They  are  somewhat 
actions  of  the  rotatory  apparatus  of  some  *f  tateW 
Both  the  respiration  and  the  prehenaioai  <of  aan4  ■ 
animals  ase  accomplished  by  an  influence  of  tbafcH 
whereby  a  current  is  kept  up  in  the 
a  fresh  stream  by  this  means  plays  ever  the 
their  respiratory  organs,  whilst  in  some  the 
tides  of  nutritions  matter  in  the  fluid 
tact  with  their  prehensile  organs. 

The  soft  aquatic  animals,  called  porifera,  have 
orifices  on  their  surface,  into  which  toe  aurroendfa 
is  drawn,  and  being  then  brought  into  a  «fwn«we 
is  expelled  through  a  larger  central  moeth.t  * 
conceive  an  action  of  these  pores,  by  wanch  Hm 
may  be  sucked  in  and  propelled ;  but  the  more  4 
action  is  that  of  the  cilia,  or  filaments,  with  whid 
tentacula  are  covered.    These  cilia  have  a  motion 

Sroduoes  a  vortex  in  the  fluid,  and  tends  to  con* 
oating  nourishment  towards  the  mouthy 
This  well-attested  fret  leads  us  to  corapreha 
phenomenon  which  is  the  principal  object  of  tfcb 

""'  Animalcules  are  visible  in  the  nueroscope,  so  a 
'*-  is  estimated  that  a  million  of  them  do  not  en 
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explains  what  is  meant  by  "  ciliary  motions."'  it  is 
necessary  to  mention  that  what  anatomists  term  the 
as  membrane  is  the  lining  of  all  those  tubes  and 
es  of  the  animal  body  which  open  outwardly,  in 
adistinction  to  the  membranes  which  line  die  pro- 
avities  of  the  body,  and  which  are  called  serous 
branes.  It  is  of  itself  a  circumstance  tending  to  the 
)rt  of  the  conclusions  to  which  the  whole  arguments 
s  book  point,  that  the  fluids  thrown  out  to  lubricate 
surfaces  are  various  and  appropriate  to  the  nature 
e  cavity.  The  membrane  which  is  continuous  all 
d,  and  has  no  outlet,  must  be  moistened  by  a  fluid 
1  is  to  be  absorbed  again ;  but  the  surface  of  the 
j  which  has  an  outlet  is  moistened  by  a  fluid  which 
be  discharged  as  from  an  emunctory. 
is  brings  us  to  the  fact  above  referred  to,  which,  if 
bservation  has  been  correctly  made,  is  by  much  the 
extraordinary  in  the  whole  animal  economy.*  A 
>n  of  the  mucous  membrane  of  an  animal  recently 
I  is  placed,  with  great  nicety,  under  the  field  of  the 
scope,  and  in  water :  some  fine  particles,  which  will 
in  the  water,  are  then  added.  What  has  been  used 
most  advantage  is  the  black  pigment  of  the  eye, 
h  is  easily  diffused,  and  the  particles  of  which  are 
minute.  The  experimenter  is  here  cautioned  to 
iguish  the  molecular  motions  discovered  by  Mr. 
ti,  from  those  now  to  be  described.  A  rapid  vibra- 
notion  is  to  be  seen  on  the  surface  of  the  membrane, 
hese  motions  produce  a  current  in  the  fluid  in  contact, 
b  is  made  apparent  by  the  floating  of  the  minute 
ides  of  the  pigment.  The  remarkable  part  of  this 
omenon  is  the  direction  of  these  currents.  The  cilia, 
mil  filaments  projecting  from  the  membrane,  move 
ch  a  manner  that  the  current  is  always  directed  to- 
s  the  outlet  of  the  cavity  or  tube ;  and  •  thus  it  is 
ictured  that  a  new  source  and  kind  of  action,  inde- 
ent  of  muscularity  (that  is,  the  irritability  of  the 
er  muscular  fibre),  is  provided  for  the  gradual  and 

*  First  observed  by  Purk\njean^\«\fcT^cvxu 


188  NATURAL  THEOLOGY. 

regular  ejection  of  the  -secretions  from  these  tubes 
cavities  which  enter  deep  into  the  animal  structure 
this  country  these  extraordinary  endowments  of  the  1 
surface  are  under  the  examination  of  one*  who  wil 
secute  the  subject  with  philosophical  precision,  an 
result  of  whose  inquiries  may  be  expected  with  an 
rest  proportioned  to  the  important  nature  of  the  fa 

*  Dr.  Sharper,  of  Edinburgh. 
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OK  LIFE* 

we  survey  the  discoveries  in  the  physical  and  ab- 
sences, our  wonder  and  admiration  are  excited 
grasp  and  various  powers  of  the  human  mind ; 
learn,  also,  that  men  acquire  a  habit  of  viewing 
,  and  of  thinking,  which  trammels  them,  though 
ed  of  the  highest  genius,  when  they  change  ab- 
the  subject  of  their  studies, 
life  of  the  body  is  a  study  new  to  science,  and  it 
natural  alliance  with  any  of  the  higher  branches 
occupy  men  of  intellect ;  yet  it  requires  a  great 
>f  thought.  Those  who  follow  intricate  mathe- 
deductions,  calculate  the  return  of  comets,  esti- 
ie  magnitude  and  attraction  of  the  sun  and  planets, 
;n  extend  their  investigations  to  the  fixed  stars, 
>  the  subject  as  much  under  the  influence  of  habit 
artisan  who  tries  to  accomplish  by  the  dexterity  of 
d ,  that  for  which  a  different  manner  of  working  has 

1  him.  This  may  be  a  humiliating  consideration, 
oust  be  acknowledged,  or  we  shall  never  discover 
.t  hypotheses  we  have  hitherto  been  misled ;  nor 

be  directed  in  a  course  of  observation  likely  to 

2  the  science  of  Life. 

chemist  is  in  the  habit  of  observing  the  laws  of 
e  powers,  of  elective  attraction,  oi  heat,  and  of 
al,  or  galvanic,  or  magnetic  influences.  He  makes 
from  the  observation  of  the  mere  ponderable  and 
qualities  of  matter,  to  the  study  of  laws  which 
that  which  can  neither  be  weighed  nor  confined ; 
!  should  imagine,  therefore,  that  the  process  of  his 
ng  would  prepare  him  for  comprehending  more 
he  influence  of  life,  as  exhibited  in  the  phenomena 
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of  the  animal  body.  But  it  has  been  far  otherwise.  The 
chemist,  when  he  commences  the  study  of  physiology, 
instead  of  pausing  and  considering  that  he  is  about  to 
enter  on  a  new  region,  where  phenomena  unexampled 
before  are  to  be  presented  to  aim,  or  are  to  be  seen 
through  different  media,  and'  the  forces  estimated  by  dif 
ferent  means,  carries  along  with  him  habits  of  thinking 
which  promise  no  improvement  in  this  new  field ;  and 
coming  encumbered  with  all  his  apparatus,  proceeds  t( 
measure  that  property  which  gives  sensibility,  motion 
and  thought,  by  the  instruments  ne  has  hitherto  employe! 
in  marking  the  current  and  force  of  electricity ;  and  re 
gards  the  brain  as  no  more  than  an  electric  pile  dis 
charging  at  intervals  along  the  nerves  the  fluid  saccea 
sively  developed.  Such  are  the  false  analogies  whid 
satisfy  ingenious  minds,  so  that  they  cease  from  inquiry 
and  leave  science  stationary.  The  mathematical  an 
mechanical  physicians  long  retarded  the  true  knowledg 
of  physiology ;  and  we  are  now  nearly  as  much  embu 
rassed  by  the  fashion  of  the  day,  of  applying,  to  investi 
gate  the  laws  of  life,  the  mode  of  reasoning  which  ha 
been  successful  in  the  chemical  sciences.  There  are  bu 
two  men  who  have  enlightened  us  on  the  doctrine  of  th 
life  of  the  body,  Haller  and  Hunter — and  this  is,  in  othc 
words,  saying,  that  it  is  altogether  a  recent  science. 

It  is  necessary  to  premise  thus  much,  that  the  readc 
may  not  feel  disappointment,  if  he  fail,  at  first,  in  attemp 
ing  to  comprehend  the  subject.  What  does  he  undc 
stand  by  life  ?—  That  intelligence,  feeling,  and  motioi 
which  he  sees  manifested  in  the  animal  body.  If,  in  th 
understanding  of  the  term,  he  hears  that  Mr.  Hunter  di 
covered  that  there  was  life  in  the  blood,  it  is  possible  th 
he  may  receive  the  announcement  with  the  same  ridicu 
witn  which  the  world  at  first  heard  it.  But  let  us  s< 
how  the  subject  opened  upon  Mr.  Hunter's  mind.  13 
was  engaged  in  minute  inquiries  into  the  gradual  dev< 
lopment  of  the  chicken  in  the  egg.  On  breaking  one  eg 
it  was  found  perfectly  sweet ;  the  next  was  in  a  high  sta 
of  putrescence.  Wnat,  then,  was  the  difference  of  the 
condition  ?     Now  let  us  not  confound  this  question  wit 
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-  what  is  termed  organization.  The  chick  at  this  time  is 
concealed  within  a  vesicle  not  larger  than  the  head  of  a 
pin.  It  is  the  white  and  yolk  of  the  egg  that  we  are 
examining.  Here  is  no  heart,  or  vessels,  or  brain,  or 
nerves,  or  anything  of  an  animal  body.    The  question  of 

•  organization,  then,  is  put  quite  aside.  Nevertheless,  Mr. 
Hunter  conceived  that  the  deference  between  the  putrid 
and  the  sweet  egg  depended  upon  the  influence  of  life, 

-  which  in  the  latter  counteracted  the  chemical  affinities, 

-  and  prevented  the  matter  from  falling  into  a  putrescent 
state.     If  then,  said  he,  the  matter  of  the  egg  has  that 
property  of  life  to  check  and  control  the  affinities  which 
all  matter  divested  of  life  is  subject  to,  has  it  also  the 
power  of  resisting  the  changes  of  temperature  ?    And 
jm>w,  upon  comparing  the  putrid  and  the  living  egg,  he 
found  that  the  latter  resisted  freezing;   and  he  thus 
allowed  that  the  property  which  resists  putrefaction  is 
allied  to  the  property  of  the  animal  body  wnich  preserves 
it  in  a  uniform  heat,  though  exposed  to  the  changes  of 
temperature  in  surrounding  bodies.    We  see  by  this  that 
a  portion  of  matter  in  an  eggf  or  in  a  seed,  shall  be  en- 
dowed with  a  principle,  which,  however  obscure,  we  per- 
ceive by  its  effects. 

Thus,  living  matter  is  under  the  influence  of  laws 
totally  distinct  from  those  which  govern  dead  matter. 
What  shall  we  call  this  peculiar  property?     We  have 
acquired  a  notion  of  life  by  witnessing  the  effects  of  many 
ffi»floa  combined  in  the  whole  animal.     Motion  is  in  ge- 
neral the  result  of  these ;  and  so  we  associate  life  and 
motion.    Mr.  Hunter  showed  that  each  part  of  the  body 
which  possessed  life  exhibited  it  by  different  phenomena. 
He  said  truly,  that  when  the  muscle  cut  off  from  the 
Animal  recently  killed  still  palpitated,  it  was  by  its  pro- 
perty of  life.    Accordingly,  wnen  a  portion  of  the  blood 
•warn  withdrawn,  he  observed  that  it  exhibited  properties 
totally  different  from  dead  matter :  it  was  drawn  a  fluid ; 
and  tnis  fluid  presently  coagulated.     What,  said  his  op- 
ponents, is  there  in  this  ?    Do  we  not  see  a  fluid  jelly- 
*fVf»  and  becoming  solid;  and  is  this  to  be  a  proof  of 
lite  ?     But  Mr.  Hunter  demonstrated  th&X  ft&  coasgaW 


^f, 'of  *T'S  » *?"%  £***i\ -^ 
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nicatkm  is  established  between  the  mind  and  the 
d  and  material  world. 

Hunter  illustrated  the  subject  thus: — Death  is 
at  or  real.  A  man  dragged  out  of  the  water,  and 
trance  dead,  is,  notwithstanding,  alive,  according 
lefinition  we  have  given.  The  living  endowments 
individual  parts  are  not  exhausted.  The  sensi- 
nay  be  yet  roused ;  the  nerves  which  convey  the 
sion  may  yet  so  far  retain  their  property,  that  other 
nerves  may  be  influenced  through  them;  the 
s  may  be  once  more  concatenated,  and  drawn  into 
taneous  action.  That  vibratory  motion  which  we 
ist  said  may  be  witnessed  in  a  muscle  recently  cut 
the  body,  may  be  so  excited  in  a  class  of  muscles, 
mple  in  the  muscles  of  inspiration,  that  the  appa- 
dead  draws  an  inspiration.  Here  is  the  first  of  a 
)f  vital  motions  which  excites  the  others,  and  the 
teats,  and  the  blood  circulates,  and  the  sensibilities 
tored  ;  and  the  mind,  which  was  in  the  condition 
asleep,  is  roused  into  activity  and  volition,  and  all 
Yimon  phenomena  of  life  are  resuscitated.  Such  is 
ies  of  phenomena  which  is  presented  in  apparent 
rom  suffocation ;  but,  if  the  death  has  been  from 
ry  of  some  vital  part,  the  sensibilities  and  proper- 
action  in  the  rest  of  the  body,  though  resident  for 
have  lost  their  relations,  and  there  is  a  link  want- 
that  chain  of  vital  actions  which  restores  animation, 
then,  there  can  be  no  resuscitation ;  and  the  death 
individual  parts  of  the  body  rapidly  succeeds  the 
nt  death  of  the  body. 

perceive  now  that  our  original  conception  of  life  and 
ms  we  use  respecting  it,  in  common  parlance,  are 
adapted  to  this  subject  when  philosophically  con- 
l.  We  early  associate  life  and  motion  so  intimately 
e  one  stands  for  the  other.  If  we  then  investigate 
tomy,  we  find  a  curious  and  minute  mechanism  in 
on,  an  engine  and  tubes  for  circulation,  and,  in 
an  internal  motion  of  every  particle  of  the  frame ; 
3  anaton-ist  is  also  led  into  the  error  of  u&atts&x^ 
mod  life  with  motion  and  organization.  TtaX^YftKi 
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we  consider  the  subject  more  closely,  and  divest  o» 
of  habits  and  prejudices  associated  with  weids,  w 
ceive  that,  without  making  any  warn  and  even  danf 
attempt  at  definition,  life  is  first  to  be  contemplated 
peculiarity  diatmgdahing  one  of  two  classes  into 
all  matter  must  be  arranged:  the  one  class,  wbic 
braces  all  living  matter,  k  subject  to  a  controllinff 
ence  which  rousts  the  chemical  amenta,  and  prom 
series  of  revolutions,  in  an  order  and  at  period 
scribed ;  the  other,  dead  matter,  it  sutgect  to  lapj 
change  under  chemical  agency  and  the  fnmmon  1 


Let  bs  examine  die  body  of  a  perfect  or  a  camp] 
animal.  We  find  each  organ  possessed  of  a  ok 
power.  Bat  there  it  as  yet  no  conventional  Ian 
adapted  to  our  discourse  on  this  subject,  and  that 
source  of  many  mistakes;  for  when  a  man  even  lik 
Hunter  had  his  mind  illuminated  upon  this  science 
was  he  to  frame  his  language,  when  every  word  tl 
used  had  already  a  meaning  which  had  no  referei 
the  discovery  he  had  made — to  the  distinct  qualities * 
he  had  ascertained  to  belong  to  the  living;  parts  ? 

The  progress  of  science  in  the  present  day,  alt! 
it  does  not  bring  us  nearer  to  the  comprehension  c 
nature  of  life,  yet  furnishes  us  with  such  analog 
enable  us  more  easily  to  comprehend  how  this  prii 
may  be  combined  with  the  material  of  an  animal 
and  vet  be  perfectly  distinct  from  it.  The  disco 
which  have  led  to  the  atomic  theory,  and  to  that  c 
molecules  of  bodies  being  under  a  poJaric  influence, 
us  with  the  impression  that  the  mmute  particles  of 
mon  matter  (in  contradistinction  to  living  matter 
under  an  influence  which  may  be  bestowed  or  withdi 
that  as  the  index  of  the  compass  points  to  the  north 
property  of  the  metal  itself,  but  through  an  infl 
given  to  it  and  existing  around  it,  so  do  the  most  n 
particles  of  bodies  arrange  themselves  by  some  sue 
peradded  influence,  and  partake  of  polarization.  If, 
according  to  the  prevailing  opinion  of  philoao] 
everything  we  touch,  or  tee,  re  Xajto,  ^'nurttet^uii 
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ts  qualities  arising  from  the  arrangement  of  par- 
infinitely  minute,  and  that  arrangement  resulting 
in  influence  exterior  to  them,  or  superadded  to  them, 
t  not  facilitate  our  conception  of  a  power  or  pro- 
bestowed  on  what  is  termed  living  matter  and  yet 
ially  distinct  ?  The  difference  between  dead  and 
matter  will  then  appear  to  be,  that  in  the  one  in- 
i  the  particles  are  permanently  arranged  and  con- 
to  exhibit  their  proper  character,  as  we  term  it, 
3y  ingenuity  and  practice  some  means  are  found  to 
raw  the  arranging  or  uniting  influence ;  and  then 
tatter  is  chemically  dissolved — resolves  into  its  ele- 
.,  and  forms  new  combinations :  whilst  the  life  con- 
,  not  simply  to  arrange  the  particles,  and  to  give 
the  order  or  organization  of  the  animal  body,  but 
irl  them  in  a  series  of  revolutions,  during  all  which 
aterial  is  passive,  the  law  being  in  the  life.  The 
and  succession  of  these  changes  and  their  duration 
t  result  from  the  material  of  the  frame,  which  is  the 
in  all  animals,  but  from  that  influence  which  we  term 
nd  which  is  superadded  to  the  material. 
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ILLUSTRATION  OF  THX  WORKS  Off  ▲  Wi 
(See  beginning  of  Chap.  L) 


Many,  perhaps  most,  persons  early 
ever  thinking-  now  such  jpieoes  of  raoc 
measure  of  time.    This  incurious  habH  £*  hvtML  &r 
may  prevail  to  the  neglect  of  other  objects*    We 
suppose  such  persons  to  be  quite  iudiflwamt  to  the  i 
ture  of  their  own  frame,  by  which  they*:  more  and 
so  many  enjoyments.    The  subject  focus  a  good ~ 
in  mechanics  for  a  youth.    Let  mm  look  Into  his 
and  learn  how  the  wheels  act,  and  bow  all  am 
by  the  balance,  to  measure  tune. 

When  men  are  advanced  in  science,  they  hare 

times  little  objection  to  seethe  particular  subjects  of  met] 

study  involved  in  mystery.    They  are  apt  to  defrrsa 

things  in  the  form  of  a  paradox.    Thus  they  will  affiml 

that  the  power  of  the  hand,  exerted  through  a  mschini.] 

may  raise  a  weight  of  many  stones,  and  that  one  pas* 

may  weigh  up  one  hundred.    We  are  entitled  to 

that  the  thing  is  impossible  as  the  mechanist  lite 

states  it ;  that  the  props  of  the  machine,  the  centre 

the  levers  and  the  axles  sustain  by  much  the  greater  «*>  I 

tion  of  the  weight ;  and  that  the  power  of  die  haoa  jfcj 

only  given  in  addition  to  a  weight  which,  though 

has,  by  the  distribution  of  the  force  on  the  fixed 

of  the  machinery,  become  balanced  against  the  £ 

it  to  be  raised.   This  is  obvious  in  the  simplest 

Mihine,  the  wheel  and  axle,  when  we  see  it  at 

lesser  weight  balancing  the  greater.     In 

i  W-  and  the  greater  weight  are  \ 

d  rest  on  the  beams  which 
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i  lesser  body  the  power,  and  the  greater  body 
;  and  the  motions  of  these  will  be  in  propor- 

ieir  distance  from   the   centre   of  the   axle. 

■ly,  we  may  measure  the  space  through  which 

i,  by  pulling  on  the  leaser  weight,  and  seeing 
of  the  rope  is  uncoiled  in  one  revolution  of  the 

I  comparing  that  with  die  length  of  rope  coiled 

the  axle  in  the  revolution,  and  consequently 

■espouding  time. 


it  where  a  set  of  wheels  are 
svolve  with  a  uniform  velocity,  and  at  a  certain 

to  become  the  measure  of  time.  When  thil 
obtained,  an  index,  or  hand,  is  put  on  the  axis 
these  wheels,  and  thus  made  to  revolve  on  a 
c  the  fraction)  of  the  revolution  are  marked, 
ore  bands  may  be  applied  to  different  wheels, 

will  indicate  the  subdivision  of  time  in  which 
1  wheels  revolve  in  a  minute,  an  hour,  or  in. 
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In  this  figure,  ▲  it  the  wheal,  end  the  motdn 
rather  the  projecting  points  on  it,  the  tmtkJ*  si 
pinion,  and  the  teem  on  it  ere  technically  adled 
leaves.  This  is  the  wheel  and  pinion .  and  we  pero 
the  resemblance  to  the  wheel  and  axle.  The  teat 
the  wheel  move  with  a  rapidity  in  proportion  as  die 
cnmference  of  the  wheel  is  distent  son  the  axis  or  ce 
of  motion. 


The  wheel  asaf  pssjomsssw  W  — tfeMsar  to  ac 
rate  motion,  asfW%*mthe  jwwer  k<a*jfjaiai  to  the  ph 
or  to  diminish  ft,  as  whew  the  power  is.  applied  to 
teeth  of  the  wheel,  and  eoaweyed  through  the  leav 
the  pinions  to  another  amcel. 

If  there  be  forty  teem  m  a  wheel,  and  this  wheel  ] 
into  the  pinion  of  another  wheel  hating  ten  leaves 
of  the  teeth  of  the  first  wheel  will  cause  the  secoo 
complete  its  circle ;  and  as  there  are  forty  teeth  in 
first  wheel,  the  second  will  revolve  four  times  for  01 
the  first. 

If  things  were  reversed,  and  the  motion  comme 
in  the  second  wheel,  so  as  to  be  communicated  to 
first,  the  mechanism  would  then  have  the  effect  o: 
mhushing  the  motion  to  one  quarter.  In  both  1 
wajB  are  the  wheel  and  pinkm  employed  in  the  wat 

The  power  moving  the  wheels  of  a  watch  is 

*  The  resemhlanoe  in  these  teeth  to  the  jagged  edge 
spur  explains  why  certain  wheels  are  called  the  «*  qmr-g 
The  engraver  has  here  substituted,  for  my  sketch,  a  <s 
wheel*  that  is,  one  where  the  teeth  stand  on  the  edge 
circlet,  and  parallel  to  the  axis. 
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ig;   it  is  here  represented  relaxed,  as  when  t 
h  is  run  down. 


1  the  left  hand  of  this  figure  we  have  the  barrel,  a 

irical  box,  in  which  the  spring  is  coiled ;  and  the 

nity  of  the  spring  in  the  centre  of  the  coil  being 

to  an  axle  in  the  centre  of  the  barrel,  while  the 

extremity  is  attached  to  the  inner  circumference 

barrel  by  a  steel  pin,  the  barrel  must  thus  turn 

is  the  spring  uncoiils. 

pyramidal  body  on  the  right  is  the  fusee.    In 

;  up  the  watch,  the  key  is  fixed  on  the  pivot  of 

y,  turns  the  fusee,  and  through  the  chain  which 

o  the  barrel  the  barrel  is  also  turned  round,  and 

ig  within  wound  close  up  to  its  axle.     When 

is  removed,  the.  spring  acts,  the  barrel  slowly 

and  the  chain,  wound  upon  the  barrel  and 

m  the  fusee,  turns  the  fusee  round.    On  the 

is  body  we  observe  the  spur  teeth  of  a  wheel. 

d  is  the  source  of  all  the  movements  in  the 

t  not  neglect  to  observe  a  pretty  contrivance 
3  mechanical  power  of  the  Sua«ft  carra^n^. 
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with  the  diminished  power  of  the  spring  at  it  tzncotfs. 
The  spring  exerts  the  greatest  force  when  it  begins  to 
uncoil  itself,  and  this  force  is  drntininhed  as  it  relaxes. 
To  correct  this  inequality  the  fusee  is  formed.  It  is 
axle  so  contrived  that,  with  the  varying  power,  As1 
motion  shall  be  uniform,  and  for  this  purpose  it  dm 
the  form  of  a  truncated  cone  with  a  spiral  groove  which 
receives  the  chain.  When  the  spring  is  acting  with  the 
greatest  intensity,  the  chain  pulls  on  a  part  of  die  fusee, 
not  much  removed  from  the  centre  of  its  revolution,  and 
therefore  with  a  small  leverage ;  hut  when  the  spring 
acts  feebly,  as  the  spiral  groove  becomes  farther  and 
farther  removed  from  the  axis  of  the  fusee,  the  chain  is 
uncoiled  from  it  with  a  greater  lever  power. 

The  great  wheel  on  the  baas  of  the  fusee  checks  into 
leaves  of  the  pinion  of  the  second  ar  central  wheel,  and 
that  move*,  in  succession,  the  third  and  forth  wheek 
But  before  we  estimate  the  effects  of  the  respectiie 
wheels  and  pinions,  we  shall  pass  to  the  scapement,  or 
balance. 

The  effect  of  the  scapement  is  to  preserve  the  movjar 
power,  or  "  sustaining  force,"  uniform,  to  equalise  tas» 
effect  of  the  spring  on  the  work ;  for  although  this  is  hv 
part  effected  through  the  fusee,  it  is  net  done  saaV 
oiently. 

It  is  interesting  and  improving  to  observe,  in  the 
history  of  philosophy,  how  occurrences  the  most  famihar 
become  important  when  applied  by  genius  to  the  arts. 
If  a  bell-rope  hang  free,  and  especially  if  a  weight  be 
appended  to  it,  it  will  swing  a  long  time.  If  we  shoald 
chance  to  note  the  regularity  and  time  of  its  motion,  and 
so  leave  it,  on  returning,  if  it  move  at  all,  its  motion 
from  side  to  side  (or  its  oscillation)  will  be  performed 
in  very  nearly  the  same  time  as  at  first*  Familiar  and 
simple  as  this  is,  it  is  the  pendnhtm,  and  the  measure  of 
time  ,*  and  we  can  easily  comprehend  that  if  a  rod,  thus 
swung,  be  so  appended  to  the  work  of  a  cloak,  as  to  re- 
ceive a  slight  impulse,  sufficient  to  keep  it  in  motion,  it 
will  re-act  on  tae  clock ;  and  if  the  motions  of  the 
wbeel§  be  nearly  in  accordance  with  the  oscillation  of 
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tdulum,  it  will  preserve  the  motion  of  the  whole 
sry  correct. 

rdingly  it  is  easier  to  make  a  clock  than  a  watch ; 
watch  some  substitute  for  the  pendulum  must  be 
and  the  substitute  is  a  very   delicate  piece  of 
ailed  the  scapement.  * 


upper  wheel  here  is  the  balance-wheel,  within 
i  fine  hair  spring  is  coiled.  This  spring  is  alter- 
pulled  and  let  go  by  a  motion  communicated  to 
eel ;  and  the  spring,  by  the  regularity  of  its  mo- 
nswers  the  purpose  of  the  pendulum.  The  notched 
below  is  the  scapement-wheel ;  two  projecting 
on  different  faces  of  the  axle  of  the  balance-wheel 
wccession  between  the  teeth  of  the  scapement- 
when  one  of  these  slips  off  the  teeth,  and  the 
set  free,  the  spring  recoils,  and  delivers  the  other 
nto  the  succeeding  notch :  and  thus  the  regular 
of  the  spring,  without  stopping  the  revolution  of 
pement,  regulates  the  time  in  which  the  teeth  are 
$e,  and  by  this  means  equalizes  the  motion  of  all 
eels. 


» is  another  form  of  the  scapement-wheeL    Call 
»er  part  die  crutch,  the  lower  the  tcapemenfc-ufoedL 


15S 


NATURAL  THEOLOGT. 


The  sustaining  force,  which,  in  this-  instance,  fa  ti» 
spring,  operating  through  a  succession  of  wheels,  Aram 
out  the  pallet  of  the  crutch  from  the  tooth  of  the  settle- 
ment :  in  doing  this  the  teeth  act  against  a  hair  spratj, 
which,  by  its  recoil,  places  the  pallet  in  the  swHirilsf 
nQtch.     By  this  contrivance  -  the  regular  motion  of  ttt 
hair  spring  corrects  the  lesser  deviation  in  the  motion  of 
the  wheels  which  might  otherwise  arise  from  the  imper- 
fection of  the  workmanship.    The  balance-wheel  sal 
spring  move  with  a  quickness  which  permits  the  acape- 
ment-wheel  to  beat  18,000  times  in  an  hour — the  coav 
mon  rate  of  a  watch  that  shows  seconds. 

Having  seen  how  the  motions  are  regulated,  we  mty 
consider  the  rate  of  revolution  in  the  wheels,  according 
to  the  number  of  leaves  in  the  pinions,  or  of  the  teeth  m 
the  circumference  of  the  wheels.  The  central  wheel,  At 
that  which  is  moved  bv  the  fusee,  has  sixty-four  teeth; 
these  fall  into  the  pinion  of  the  third  wheel,  b,  whiea 
has  eight  leaves,  the  wheel  itself  having  sixty  teem; 
these  sixty  teeth  play  into  the  pinion  of  the  fourth  wheel, 
c,  which  has  eight  leaves.  The  central  wheel  going 
round  once  in  the  hour,  the  fourth  wheel  will  go  round 
sixty  times  in  an  hour,  and  with  the  hand  attached  to  its 
axle  it  will  mark  seconds.    This  will  be  more  easily  un- 


Minutes. 


Seconds. 


derstood  by  a  reference  to  the  sketch.  The  wheel  on 
tne  axis,  a,  to  which  the  minute-hand  is  attached,  turns 
round  once  in  an  hour.  Its  sixty-four  teeth  play  upon 
the  pinion  on  the  axle,  b  ;  as  this  has  eight  leaves.  >* 
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will  revolve  once  for  every  eight  teeth  of  a,  and  con- 
sequently eight  times  during  the  whole  revolution  of  a, 
that  is,  in  an  hour.  The  wheel  on  the  same  axle,  b,  has 
sixty  teeth,  which  turn  the  eight-leaved  pinion  of  c  ;  it 
will,  therefore,  turn  the  axle,  c,  seven  times  and  a  half 
(for  60-i-8=7£)  during  one  revolution,  or  sixty  times 
during  the  eight  revolutions  which  b  makes  in  one 
hour. 

Thus  we  have  the  minute-hand  and  the  second-hand 
measuring  minutes  and  seconds  of  time  on  the  dial ;  but 
we  have  not  yet  the  hand  which  shall  go  round  in 
twelve  hours  and  mark  the  hours  on  the  dial.  To  effect 
this  the  same  machinery  is  used :  viz.,  the  wheel  and 
pinion ;  but  the  moving  power  is  applied  so  as  to  diminish 
the  rate  of  motion — that  is,  by  making  the  force  act  from 
the  leaves  of  the  pinions  to  the  teeth  of  the  wheels,  in- 
stead of  from  the  teeth  to  the  leaves. 


B 


We  may  remember  that  the  centre  wheel,  a,  goes 
round  once  in  an  hour ;  that  the  axle  of  this  wheel  passes 
through  the  dial  and  has  the  minute-hand  attached  to  it. 
The  pinion  of  this  wheel,  called  the  cannon  pinion ,  has 
ten  leaves,  which  play,  during  the  hour,  upon  a  wheel, 
b,  having  forty  teeth,  which  accordingly  is  moved  round 
only  once  in  four  hours.  This  wheel,  b,  has  a  pinion  of 
twelve  leaves  working  into  a  wheel  of  thirty -«ul  teeJ&v., 
and  must  therefore  make  three  revolutions  \.o  cawsfe  >foaX 
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revolve  once.  Bat  as  the  former,  b,  requires  four 
lor  cue  revolution,  it  must  occupy  twelve  in  mak- 
ing three :  and  consequently  the  thirty -six  toothed  wheel 
?V^r3l  take  twelre  hours  to  complete  one.  To  its  axle, 
therefore,  the  index  is  attached,  which  we  call  the  hour- 
ifcand  of  the  watch.  The  axle  is  a  cylinder  which  in- 
closes the  axle  of  the  minute-hand,  so  that  both  revolve, 
Indicating  the  hours  and  minutes  on  the  same  circle  of 
-the  dial. 

It  has  taken  some  hundred  years  to  perfect  a  common 
time-piece,  and  the  account  of  the  successive  improve- 
ments is  very  curious. 

In  conclusion,  we  perceive  the  dependence  of  the 
-wheels  of  a  watch  upon  each  other ;  they  are  nothing 
-singly ;  they  have  no  energy  inherent  in  them.  In  the 
animal  frame  it  is  otherwise ;  each  distinct  portion  has  a 
quality  belonging  to  it,  which  stands  in  relation  to  the 
quality  of  some  other  part. 

Were  any  property  different  from  that  of  form,  which 

gives  the  mechanical  power,  possessed  by  part  of  the 

watch,  it  might  derange  the  movements.     It  would  be 

foolish  to  imagine  any  endowment  like  that  of  life,  but 

we  may  suppose  some  such  property  as  polarization,  or 

magnetism,  added  to  a  wheel  or  lever :  what  could  result 

but  disturbance  of  the   mechanical  adjustment  ?     We 

take  the  following  felicitous  example : — 

A  watchmaker  had  put  into  his  hands  a  time-piece ; 
but  notwithstanding  the  excellence  of  the  workmanship, 
it  went  irregularly.  He  took  the  work  to  pieces  and 
put  it  together  twenty  times :  no  defect  could  be  dis- 
covered, and  yet  it  was  imperfect, — it  was  a  bad  watch ! 
At  last,  it  occurred  to  him  that  the  delect  must  be  in 
the  balance-wheel  (which  we  have  seen  to  be  the  re- 
gulator of  the  watch)  ;  he  thought  it  possible  that  this 
part  had  become  magnetized,  and  on  applying  a  needle 
to  it  he  found  his  suspicion  true.  By  coming  accidentally 
into  contact  with  a  magnet,  the  metal  of  the  balance- 
wheel  had  acquired  an  attraction  for  the  steel  work  of 
the  watch.    A  property,  superadded  to  a.  ^>ax\.  oi  \Xnk 
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wateh,  and  at  variance  with  the  principle  of  meehiu 
on  which  the  riiiidiiru-iT  wua  iuii;ii'UCted,  thus  derail; 

the  whole.* 

•  We  liane  (ikon  tin-  i]l::-t!,:!ii™  from  Cecil's  *  Remai 
as  quoted  by  Dr.  Ljuhimi  in  Lis  Lectures.  The  author 
it  to  explain  the  eiiuet  of  a  cwrtoiu  t>i;is  or  predilection  iu 
mind,  which  demuges  the  otherwise  Bound  reasoning. 


(    157    ) 


ANIMAL  MECHANICS, 


OR, 


ROOFS  OF  DESIGN  IN  THE  ANIMAL  FRAME. 


By  SIR  CHARLES  BELL. 


LISIIED  UNDER  THE  SUPERINTENDENCE  OF  THE  SOCIETY 
FOR  TIIE  DIFFUSION  OF  USEFUL  KNOWLEDGE. 

REPRINTED  BY  PERMISSION. 


(    1*9    ) 


PART  I. 

ZRFECT10N  OF  DESIGN  IN  THE  BONES  OF  THE  HEAD, 
E,  AND  CHEST,  SHOWN  BY  COMPARISON  WITH  ARCHI- 
TJRAL  AND  MECHANICAL  CONTRIVANCES. 


HfTBODUCTION. 


spare  us  for  perceiving  design  in  the  various  in- 

structures  of  an  animal  body,  we  must  first  of  all 

that  perfect  security  against  accidents  is  not  con- 

with  the  scheme  of  nature.     A  liability  to  pain 

jury  only  proves  how  entirely  the  human  body  is 

I  with  reference  to  the  mind ;  since,  without  the 

aed  call  to  exertion,  which  danger  and  the  uncer- 

of  life  infer,  the  development  of  our  faculties 

be  imperfect,  and  the  mind  would  remain,  as  it 

uneducated. 

j  contrivances  (as  we  should  say  of  things  of  art) 
Meeting  the  vital  organs  are  not  absolute  securities 
t  accidents ;  but  they  afford  protection  in  that 
measure  or  degree  calculated  to  resist  the  shocks 
■essure  to  which  we  are  exposed  in  the  common 
istances  of  life.  A  man  can  walk,  run,  leap,  and 
because  the  texture  of  his  frame,  die  strength  and 
of  his  limbs,  and  the  specific  gravity  of  his  body, 
relation  with  all  around  him.  fiut,  were  the 
jhere  lighter,  the  earth  larger,  or  its  attraction 
-were  he,  in  short,  an  inhabitant  of  another  planet, 
would  be  no  correspondence  between  the  strength, 
y,  and  muscular  power  of  his  body,  and  the  ele- 
around  him,  and  the  balance  in  the  chances  of  life 
be  destroyed, 
thout  such  considerations  the  reader  would  fall  into 
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the  mistake,  that  weakness  and  liability  to  fracture  in* 
ply  imperfection  in  the  frame  of  the  body,  whereat  i 
deeper  contemplation  of  the  subject  will  convince  ha 
of  the  incomi>arable  perfection  both  of  the  plan  and  of 
the  execution.  The  body  is  intended  to  be  subject  to  ■ 
derangement  and  accident,  and  to  become,  in  the  com* 
of 'life,  more  and  more  fragile,  until,  by  some  failure  k 
the  frame-work  or  vital  actions,  life  terminates. 

And  this  leads  us  to  reflect  on  the  best  means  of  is- 
forming  ourselves  of  the  intention  or  design  shown  n 
this  fabric.  Can  there  be  any  better  mode  of  Ttisnf 
our  admiration  than  by  comparing  it  with  things  ft 
human  invention  ?  It  must  be  allowed  that  we  sbil 
not  find  a  perfect  analogy.  If  we  compare  it  with  tfaf 
forms  of  architecture — the  house  or  the  bridge  are  Mt 
built  for  motion,  but  for  solidity  and  firmness,  on  the 
principle  of  gravitation.  The  ship  rests  in  equilibria! 
prepared  for  passive  motion,  and  the  contrivances  of  tU 
ship- builders  are  for  resisting  an  external  force :  whilst  h 
the  animal  body  we  perceive  securities  against  the  gnw* 
tation  of  the  parts,  provisions  to  withstand  shocks  ani 
injuries  from  without,  at  the  same  time  that  the  frame* 
work  is  also  calculated  to  sustain  an  internal  impute 
from  the  muscular  force  which  moves  the  bones  as  leven, 
or,  like  a  hydraulic  engine,  propels  the  fluids  througi 
the  body. 

As  in  things  artificially  contrived,  lightness  and  mo- 
tion are  balanced  against  solidity  and  weight,  it  i» 
the  same  in  the  animal  body.  A  house  is  built  on  t 
foundation  immoveable,  and  the  slightest  shift  of  the 

ground,  followed  by  the  ruin  of  the  house,  brings  no 
iscredit  on  the  builder ;  for  he  proceeds  on  the  ce> 
tainty  of  strength  from  gravitation  on  a  fixed  foundation. 
But  a  ship  is  built  with  reference  to  motion,  to  receive 
an  impulse  from  the  wind,  and  to  move  through  the 
water.  In  comparison  with  the  fabric  founded  on  the 
fixed  and  solid  ground,  it  becomes  subjected  to  new  in- 
fluences, and  in  proportion  as  it  is  fitted  to  move  rapidl; 
m  a  light  breeze,  it  is  exposed  to  founder  in  the  storm. 
A  log  of  wood,  or  a  Dutch,  dog^r  almost  as  solid  as  i 
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I  og,  is  comparatively  safe  in  the  trough  of  the  sea  dur- 
ing* a  storm — when  a  bark,  slightly  built  and  fitted  for 
lighter  breezes,  would  be  shaken  to  pieces:  that  is  to 
may,  the  masts  and  rigging  of  a  ship  (the  provisions  for 
its  motion)  may  become  the  source  of  weakness,  and, 
perhaps,  of  destruction ;  and  safety  is  thus  voluntarily 
sacrificed  in  part,  to  obtain  another  property  of  motion. 

So  in  the  animal  body :  sometimes  we  see  the  safety 
of  parts  provided  for  by  strength  calculated  for  inert  re- 
sistance ;  but  when  made  for  motion,  when  light  and 
ly  influenced,  they  become  proportionally  weak  and 
c posed,  unless  some  other  principle  be  admitted,  and 
different  kind  of  security  substituted  for  that  of  weight 
and  solidity:  still  a  certain  insecurity  arises  from  this 
delicacy  of  structure. 

"We  shall  afterwards  have  occasion  to  show  that  there 
is  always  a  balance  between  the  power  of  exertion  and 
the   capability  of  resistance  in  the  living  body.     A  horse 
or  a  deer  receives  a  shock  in  alighting  from  a  leap ;  but 
still  the  inert  power  of  resisting  that  shock  bears  a  re- 
lation to  the  muscular  power  with  which  they  spring. 
.And  so  it  is  in  a  man :  the  elasticity  of  his  limbs  is  al- 
-ways  accommodated  to  his  activity;  but  it  is  obvious, 
that  in  a  fall,  the  shock,  which  the  lower  extremities  are 
calculated  to  resist,  may  come  on  the  upper  extremity, 
which,  from  being  adapted  for  extensive  and  rapid  mo- 
tion, is  incapable  of  sustaining  the  impulse,  and  the  bones 
are  broken  or  displaced. 

The  analogy  between  the  structure  of  the  human  body 
and  the*  works  of  human  contrivance,  which  we  have  to 
bring  in  illustration  of  the  designs  of  nature,  is,  there- 
fore, not  perfect:  since  sometimes  the  material  is  dif- 
ferent, sometimes  the  end  to  be  attained  is  not  precisely 
the  same ;  and,  above  all,  in  the  animal  body  a  double 
object  is  often  secured  by  the  structure  or  framework, 
-which  cannot  be  accomplished  by  mere  human  ingenuity, 
and  of  which,  therefore,  we  can  offer  no  illustration 
strictly  correct. 

However  ingenious  our  contrivances  may  be,  they  are 
not  only  limited,  but  they  present  a  sameness  \N\i\<r&\5fer 
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com os  tiresome.  Nature,  on  the  contrary,  gfcm  ttll 
same  objects  of'  interest,  or  images  of  beauty,  wlkm 
variety ,  that  they  lose  nothing  of  their  iftftKtBifl 
their  attraction  by  repetition.  i 

If  the  reader  has  an  imperfect  notion  of  Wg»  i 
providence,  from  a  too  careless  survey  of  extent! bjM 
and  the  consequent  languor  of  his  reflections,  ire  si 
that  the  mere  novelty  of  the  instances  we  are  sW 
place  before  him  may  carry  conviction  to  his  mind; 
we  are  to  draw  from  nature  still,  but  in  a  field  wakfc 
been  left  strangely  neglected,  though  the  nearest  1i 
of  all,  and  of  all  the  most  fruitful. 

Men  proceed  in  a  alow  course  of  advaneemsi 
architectural,  or  mechanical,  or  optical  sciences; 
when  an  improvement  is  made,  it  is  found  that  the* 
all  along  examples  of  it  in  the  animal  body,  which  c 
to  have  been  marked  before,  and  which  might  haw 
gested  to  us  the  improvement.  It  is  surprising  tht 
view  of  the  subject  has  seldom,  if  ever,  been  token 
ously,  and  never  pursued.  Is  the  human  body  ft 
by  an  all -perfect  Architect,  or  is  it  not  ?  And, 
question  be  answered  in  the  affirmative,  does  it  n< 
proach  to  something  like  infatuation,  that  possessinj 
perfect  models  as  we  have  in  the  anatomy  of  the 
we  yet  have  been  so  prone  to  neglect  them  ? 

We  undertake  to  prove,  that  the  foundation 
Eddystone  lighthouse,  the  perfection  of  human 
tecture  and  ingenuity,  is  not  formed  on  princij 
correct  as  those  which  have  directed  the  arrangcu 
the  bones  of  the  foot ;  That  the  most  perfect"  pi 
kingpost  is  not  adjusted  with  the  accuracy  of  the  1 
bones  which  support  our  weight ;  That  the  insert 
a  ship's  mast  into  the  hull  is  a  clumsy  contrivance 
pared  with  the  connexions  of  the  human  spin 
pelvis  ;  And  that  the  tendons  are  composed  in  a  n 
superior  to  the  last  patent  cables  of  Huddart,  or  t 
more  recently  improved  chain-cables  of  Bloxam. 

Let  us  assume  that  the  head  is  the  noblest  part 
let  us  examine  the  carpentry  and  architectural  cc 
Bnces  exhibited  there. 
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*t,  before  we  give  ourselves  up  to  the  interest  of 
subject,  it  will  gratify  us  to  express  our  conviction, 
the  perfection  of  the  plan  of  animal  bodies,  the  de- 
stration  of  contrivance  and  adaptation,  but  more  than 
5,  the  proof  of  the  continual  operation  of  the  power 
ih  originally  created  the  system,  are  evinced  in  the 
jerty  of  life, — in  the  adjustment  of  the  various  sensi- 
ies, — in  the  fine  order  of  the  moving  parts  of  the 
jr, — in  the  circulation  of  living  blood, — in  the  con- 
al  death  of  particles,  and  their  removal  from  the 
&e, — in  the  permanence  of  the  individual  whilst  every 
ferial  particle  of  his  frame  is  a  thousand  times* 
figed  in  the  progress  of  his  life.  But  this  is  alto- 
her  a  distinct  inquiry,  and  we  are  deterred  from 
ching  upon  it,  not  more  from  knowing  that  our  readers 
not  initiated  into  it,  than  from  the  depth  and  very 
it  difficulty  of  the  subject. 

The  old  philosophers  gave  out  that  the  human  body  was 
n  times  changed  during  the  natural  life.  Modern  dia- 
ries have  shown  that  the  hardest  material  of  the  frame 
anging  continually;  that  is,  every  instant  of  time,  from 
i  to  death. 
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CHAPTER  I.  V. 

ARCHITECTURE  OF  TUB  SKUIX. 


It  requires  no  disquisition  to  prove  that  the  brain  ii  the 
most  essential  organ  of  the  animal  system,  and  beings), 
we  may  presume  that  it  must  be  especially  protected. 
We  are  now  to  inquire  how  this  main  object  is  s> 

tained  ? 

We  must  first  understand  that  the  brain  may  be  h*t, 
not  only  by  sharp  bodies  touching  and  entering  it,  b* 
by  a  blow  upon  the  head,  which  shall  vibrate  through  it, 
without  the  instrument  piercing  the  skull.  Indeed,  I 
blow  upon  a  man's  head,  hy  a  body  which  shall  erase  i 
vibration  through  the  substance  of  the  brain,  may  mot 
effectually  deprive  him  of  sense  and  motion  than  if  * 
axe  or  a  sword  penetrated  into  the  substance  of  the  brta 
itself. 

Supposing  that  a  man's  ingenuity  were  to  be  exercised 
in  contriving  a  protection  to  the  brain,  he  must  perceive 
that  if  the  case  were  soft,  it  would  be  too  easily  pierced; 
that  if  it  were  of  a  glassy  nature,  it  would  be  chipped 
and  cracked ;  that  if  it  were  of  a  substance  like  metal, 
it  would  ring  and  vibrate,  and  communicate  the  concus- 
sion to  the  brain. 

Further  thoughts  might  suggest,  that  whilst  the  case 
should  be  made  firm  to  resist  a  sharp  point,  the  vibra- 
tions of  that  circular  case  might  be  prevented  by  lining 
it  with  a  softer  material ;  no  bell  would  vibrate  with  suii> 
,  an  incumbrance ;  the  sound  would  be  stopped  like  uV 
ringing  of  a  glass  by  the  touch  of  a  finger. 

If  a  soldier's  head  be  covered  with  a  steel  cap,  the  bio* 
-of  a  sword  which  does  not  penetrate  will  yet  bring  him 
to  the  ground  by  the  percussion  which  extends  to  the 
brain ;  therefore,  the  helmet  is  lined  with  leather,  ami 
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covered  with  hair ;  for,  although  the  hair  is  made  an 
ornament,  it  is  an  essential  part  of  the  protection :  we 
may  see  it  in  the  head-piece  of  the  Roman  soldier,  where 
all  useless  ornament,  being  despised  as  frivolous,  was 
avoided  as  cumbrous. 

We  now  perceive  why  the  skull  consists  of  two  plates 
of  bone,  one  external,  which  is  fibrous  and  tough,  and 
one  internal,  dense  to  such  a  degree  that  the  anatomist 
calls  it  tabula  vitrea  (the  glassy  tabic). 

Nobody  can  suppose  this  to  be  accidental.  It  has  just 
been  stated,  that  the  brain  may  be  injured  in  two  ways : 
a  stone  or  a  hammer  may  break  the  skull,  and  the  de- 
pressed part  of  the  bone  injure  the  brain ;  whilst,  on  the 
other  hand,  a  mallet  struck  upon  the  head  will,  without 
penetrating,  effectually  deprive  the  brain  of  its  functions, 
by  causing  a  vibration  which  runs  round  the  skull  and 
extends  to  every  portion  of  its  contents. 

Were  the  skull,  in  its  perfect  or  mature  state,  softer 
than  it  is,  it  would  be  like  the  skull  of  a  child ;  were  it 
harder  than  we  find  it  is,  it  would  be  like  that  of  an  old 
man.  In  other  words,  as  in  the  former  it  would  be  too 
easily  pierced,  so,  in  the  latter,  it  would  vibrate  too 
sharply  and  produce  concussion.  The  skull  of  an  infant 
is  a  single  layer  of  elastic  bone ;  on  the  approach  to  man- 
hood it  separates  into  two  tables ;  and  in  old  age  it  again 
becomes  consolidated.  During  the  active  years  of  man's 
life  the  skull  is  perfect :  it  then  consists  of  two  layers . 
united  by  a  softer  substance ;  the  inner  layer  is  brittle  as 
glass,  and  calculated  to  resist  anything  penetrating ;  the 
outer  table  is  tough,  to  give  consistence,  and  to  stifle  the 
vibration  which  would  take  place  if  the  whole  texture 
were  uniform  and  like  the  inner  table. 

The  alteration  in  the  substance  of  the  bones,  and  more 
particularly  in  the  skull,  is  marvellously  ordered  to  fol- 
low the  changes  in  the  mind  of  the  creature,  from  the 
heedlessness  of  childhood  to  the  caution  of  age,  and  even 
the  helplessness  of  superannuation. 

The  skull  is  soft  and  yielding  at  birth ;  d> 
hood  it  is  elastic,  and  little  liable  to  injury 
•ion ;  and  during  youth,  and  up  to  tVic  ipena* 
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the  parts  which  come  in  contact  with  t 
thicker,  whilst  the  shock  is  dispersed  towa 
(the  seams  or  joinings  of  the  pieces),  v 
loose.  But  when,  with  advancing  years,  a 
us  to  give  up  feats  of  activity,  and  talis  arc 
the  bones  lose  that  nature  which  would  ren 
harmless,  and  at  length  the  timidity  of  ag 
that  his  structure  is  no  longer  adapted  to  a 

We  must  understand  the  necessity  of  th< 
of  the  skull,  in  order  to  comprehend  anoth 
contrivance.  The  sutures  are  the  lines  o: 
several  bones  which  form  the  cranium* 
and  protect  the  brain.  These  lines  of  un 
mhtn*  (from  the  Latin  word  for  sewing), 
resemble  seams.  If  a  workman  were  to  in, 
ing  of  two  of  the  bones  of  the  cranium,  he 
the  minute  dove-tailing  by  which  one  j 
bone  is  inserted  into,  and  surrounded  b 
whilst  that  other  pushes  its  processes  o 
between  those  of  the  first  in  the  same  ma 
fibres  of  the  two  bones  are  thus  interlaced 
interlace  your  fingers.  But  when  you  look 
surface,  you  see  nothing  of  this  kind  ;  the  1 
laid  simply  in  contact,  and  this  line  bv 
called  harmonia,  or  harmony :  architects 
term  to  imply  the  joining  by  masonry 
anatomists  are  thus  curious  in  names,  it  is 
find  them  negligent  of  things  more  interes 
overlooked  the  reason  of  the  difference  ii 
bone,  they  are  consequently  blind  to  the 
difference  of  the  outward  and  inward  part  < 

Suppose  a  carpenter  employed  upon  his 
he  would  join  a  box  with  minute  and  regul 
by  dovetailing,  because  he  knows  that  tl 

*  Cranium,  from  a  Greek  word  signif) 
The  cranium  is  the  division  of  the  skull  appi 
protection  of  the  brain  ;  it  consists  of  six  bon 
(or  forehead);  two  parietal  (walls  or  sid 
occipital  (back  of  the  head) ;  and  two  tempo) 
hones. 
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ich  he  works,  from  its  softness  and  toughness,  admits 
such  adjustment  of  its  edges.  The  processes  of  the 
le  shoot  into  the  opposite  cavity  with  an  exact  resem- 
nce  to  the  foxtail  wedge  of  the  carpenter — a  kind  of 
on  and  mortice  when  the  pieces  are  small. 
But  if  a  workman  in  glass  or  marble  were  to  inclose 
ne  precious  thing,  he  would  smooth  the  surfaces  and 
te  them  by  cement,  because,  even  if  he  could  succeed 
indenting  the  line  of  union,  he  knows  that  his  ma- 
ial  would  chip  off  on  the  slightest  vibration.  The 
jes  of  the  marble  cylinders  which  form  a  column  are, 
the  same  reason,  not  permitted  to  come  in  contact ; 
n  plates  of  lead  are  interposed  to  prevent  the  edges, 
shnically  termed  arrises,  from  chipping  off  or  split- 
Now  apply  this  principle  to  the  skull.  The  outer 
fter  tough  table,  which  is  like  wood,  is  indented  and 
Retailed  ;  the  inner  glassy  table  has  its  edges  simply 
id  in  contact.  It  is  mortifying  to  see  a  course  of  bad 
iasoning  obscure  this  beautiful  subject.  They  say  that 
le  bone  growing  from  its  centre,  and  diverging,  shoots 
$  fibres  betwixt  those  whieh  come  in  an  opposite  direc- 
m  ;  thus  making  one  of  the  most  curious  provisions  of 
tture  a  thing  of  accident.  Is  it  not  enough  to  ask  such 
asoners  why  there  is  not  a  suture  on  the  inside  as  well 
on  the  out  ? 

The  junction  of  the  bones  of  the  head  generally  being 
as  exact,  and  like  the  most  finished  piece  of  cabinet 
>rk,  let  us  next  inquire  whether  there  be  design  or 
itrivance  shown  in  the  manner  in  which  each  bone  is 
iced  upon  another. 

When  we  look  upon  the  side  of  the  skull  (as  in  the 
tire  at  p.  29),  the  temporal  suture  betwixt  the  bones  a 
i  d  is  formed  in  a  peculiar  manner;  the  louver,  or 
nporal,  bone  laps  over  the  superior,  or  parietal,  bone. 
lis,  too,  has  been  misunderstood :  that  is  to  say,  the 
n  of  the  building  of  the  bones  of  the  head  has  not 
>n  considered  ;  and  this  joining,  called  the  squamous* 

'  From  squama,  the  Latin  for  a  scale^  the  thin  e&%«&Y3\&% 
>r  each  other  like  the  scales  of  a  fish. 
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suture,  which  is  a  species  of  scarfing,  has  Ik 
posed  a  mere  consequence  of  the  pressure  of  th 
which  moves  the  jaw. 

Dr.  $1  onro  says,  "  the  manner  how  I  imagine 
of  suture  is  formed  at  these  places,  is,  that  by  tl 
of  the  strong  temporal  muscles  on  one  side,  an< 
pressure  of  the  brain  on  the  other,  the  bones  i 
so  thin  that  they  have  not  large  enough  surfaces 
to  each  other  to  stop  the  extension  of  their 
length,  and  thus  to  cause  the  common  serrated 
ance  of  sutures ;  but  the  narrow  edge  of  the  o 
slides  over  the  other." 

The  very  name  of  the  bones  might  suggest 
explanation.    The  ossa  parietalia  *  are  the  tv 
bones  in  a  regular  square,  serving  as  walls  to  the 
or  room  of  the  head,  where  the  brain  is  lodged 
in  the  foregoing  figure. 

Did  the  reader  ever  notice  how  the  walls  of 
are  assisted  when  thin  and  overburdened  with  a 

The  wall  plate  is  a  portion  of  timber  built 
wall,  to  which  a  transverse  or  tie-beam  is  atfe 
carpentry.  This  cogging,  as  it  is  termed,  keeps 
in  the  perpendicular,  and  prevents  any  lateral 
of  the  roof.  We  sometimes  see  a  more  clun 
trivance,  a  clasp,  or  a  round  plate  of  iron,  upon 
of  a  wall ;  this  has  a  screw  going  into  the  ends  of 
beam,  and  by  embracing  a  large  portion  of  th 
work,  it  holds  the  wall  from  shifting  at  this  po 
take  the  instance  of  a  roof  supported  on  incline( 
a  b: 


Were  they  thus,  without  further  security,  plac 
the  walls,  the  weight  would  tend  to  spur  or  pres 
*  From  the  Latin  t?ot&  paries,  *  toIL 
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rails,  which  must  be  strong  and  heavy  to  support  the 
»*f ;  therefore,  the  skeleton  of  the  roof  is  made  into  a 
-iw*  (for  so  the  whole  joined  carpentry  is  called).  The 
£>per  cross-beam  marked  by  the  dotted  lines  c,  is  a 
Mar-beam,  connecting  the  rafters  of  the  roof,  and 
affening  them,  and  making  the  weight  bear  perpendicu- 
iyly  upon  the  walls.  When  the  transverse  beam  joins 
fee  extremities  of  the  rafters,  as  indicated  by  the  lower 
atline  d,  it  is  called  a  tie-beam,  and  is  more  powerful 
511  in  preventing  the  rafters  from  pushing  out  the 
«Us. 

Now  when  a  man  bears  a  burden  upon  his  head,  the 
treasure,  or  horizontal  push,  comes  upon  the  lower  part 

*  the  parietal  bones,  and  if  they  had  not  a  tie-beam, 
ley  would,  in  fact,  be  spurred  out,  and  the  bones  of  the 
dad  be  crushed  down.  But  the  temporal  bone  d,  and 
ill  more,  the  sphenoid  bone  e,  by  running  across  the 
fcae  of  the  skull,  and  having  their  edges  lapping  over 
fc«  lower  part  of  the  great  walls,  or  the  parietal  bones, 
•*&  in  the  walls  as  if  they  had  iron  plates,  and  answer 
i«  purpose  of  the  tie-beam  in  the  roof,  or  the  iron  plate 

•  the  walls.  But  the  connexion  is  at  the  same  time  so 
icmre,  that  these  bones  act  equally  as  a  straining  piece, 
t«t  is,  as  a  piece  of  timber,  preventing  the  tendency  of 
t«  sides  of  the  shuU  to  each  other. 

It  may  be  said,  that  the  skull  is  not  so  much  like  the 
Oil  of  a  house  as  like  the  arch  of  a  bridge :  let  us  then 
insider  it  in  this  light. 

We  have  here  the  two  parietal  bones,  separated  and 
«ting  against  each  other,  so  as  to  form  an  arch.  In 
t«  centering,  which  is  the  wooden  frame  for  supporting 
stone  arch  while  building,  there  are  some  principles 
at  are  applicable  to  the  head. 

We  see  that  the  arch  formed  by  the  two  parietal  bones 
*se  tig.  at  p.  30)  is  not  a  perfect  semicircle ;  there  is  a 
ejection  at  the  centre  of  each  bone,  the  bone  is  more 
»nvex,  and  thicker  at  this  part. 

The  cause  assigned  for  this  is,  that  it  is  the  point  from 
bich  ossification  begins,  and  where  it  is,  therefore,  most 
irfect.     But  this  is  to  admit  a  dangerous  ^ton&^&, 
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that  the  forms  of  the  bones  are  matter  of  chance:  a 
thence  we  are  left  without  a  motive  for  study,  and  dm 
no  endeavour  to  comprehend  the  uses  of  parts.  We  fi 
that  all  the  parts  which  are  most  exposed  to  injury  i 
thus  strengthened ; — the  centre  of  the  forehead,  the  j 
jecting  point  of  the  skull  behind,  and  the  lateral  cent 
of  the  parietal  and  frontal  bones.  The  parts  of  the  b 
which  would  strike  upon  the  ground  when  a  man  i 
are  the  strongest,  and  the  projecting  arch  of  the  park 
bone  is  a  protection  to  the  weaker  temporal  bone. 

If  we  compare  the  skull  to  the  centering,  where  a  bri 
is  to  be  built  over  a  navigable  river,  and  consequa 
where  the  space  must  be  free  in  the  middle,  we  find  t 
the  scientific  workmen  are  careful,  by  a  transverse  be 
to  protect  the  points  where  the  principal  thrust  will 
made  in  carrying  up  the  masonry :  this  beam  does  not 
as  a  tie-beam,  but  as  a  straining-piece,  preventing 
arch  from  being  crushed  in  at  this  point. 


The  necessity  of  strengthening  certain  points  is 
exhibited  in  the  carpentry  of  roofs.  In  this  figure 
clear,  that  the  points  a  a  will  receive  the  pressure  of 
roof,  and  if  the  joining  of  the  puncheons*  and  rafter 
not  secure,  it  will  sink  down  in  the  form  of  the  d< 
line.  The  workmen  would  apply  braces  at  these  ai 
to  strengthen  them. 

In  the  arch,  and  at  the  corresponding  points  ol 

*  The  puncheons  are  the  upright  lateral  pieces ;  the  n 
are  the  timbers  which  lie  oblique,  and  join  the  puncl 
at  A  A. 
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Tietal  bones,  the  object  is  attained  by  strengthening 
ese  points  by  increase  of  their  convexity  and  thickness ; 
d  where  the  workman  would  support  the  angles  by 
Baces,  there  are  ridges  of  bone,  in  the  calvaria,*  or  roof 
"the  skull. 

If  a  stone  arch  fall,  it  must  give  way  in  two  places  at 
S.  same  time  ;  the  centre  cannot  sink  unless  that  part 
'the  arch  which  springs  from  the  pier  yields :  and  in 

arches,  from  the  imperfect  Roman  arch  to  that  built 
on  modern  principles,  the  aim  of  the  architect  is  to  give 
surity  to  this  point. 

In  the  Roman  bridges  still  entire  the  arch  rises  high, 
th  little  inclination  at  the  lower  part ;  and  in  bridges 
B  more  modern  date,  we  see  a  mass  of  masonry  erected 

the  pier,  sometimes  assuming  the  form  of  ornament, 
netimes  of  a  tower  or  gateway,  but  obviously  intended 
the  same  time,  by  the  perpendicular  load,  to  resist  the 
rizontal  pressure  of  the  arch.  If  this  be  omitted  in 
•re  modern  buildings,  it  is  supplied  by  a  finer  art, 
5ch  gives  security  to  the  masonry  of  the  pier  (to 
tow  the  terms  of  anatomy)  by  its  internal  structure. 
Cn  what  is  termed  Gothic  architecture,  we  see  a  flying 
rtress,  springing  from  the  outer  wall,  carried  over  the 
>f  of  the  aisle,  and  abutting  against  the  wall  of  the 
per  part,  or  clerestory.  From  the  upright  part  of 
s  masonry  a  pinnacle  is  raised,  which  at  first  appears 
be  a  mere  ornament,  but  which  is  necessary,  by  its 
"pendicular  weight,  to  counteract  the  horizontal  thrust 
the  arch. 

By  all  this,  we  see  that  if  the  skull  is  to  be  considered 
an  arch,  and  the  parietal  bones  as  forming  that  arch, 
y  must  be  secured  at  the  temporal  and  sphenoidf 

*  From  the  Latin  calva  or  calvaria,  a  helmet. 
(•  In  the  Greek,  sphenoid — in  the  Latin,  cuneiform — like  a 
ige,  because  it  is  wedged  among  the  other  bones  of  the 
«q  ;  but  these  processes,  called  wedges,  are  more  like 
retails,  which  enter  into  the  irregularities  of  the  bones, 
l  hold  them  locked. 


bones,  the  points  from  which  they  spring.  An 
point  of  bet,  where  is  it  that  the  skull  yields  w 
man  falls,  so  as  to  strike  the  tap  of  his  bend  upc 
ground  ? — in  the  temples.  Ana  jet  the  joinings  i 
secure,  that  the  extremity  of  the  bone  does  nut  sun 
its  connexions.  It  must  be  fractured  before  it  is  sp 
out,  and  in  that  case  only  does  the  upper  part  of  tin 

But  the  best  illustration  of  the  form  of  the  head 

A  dome  is  a  vault  rising  from  a  circular  or  clli 
base;  and  the  human  skull  is,  in  fact,  an  elliptic! 
mounted  dome,  which  latter  term  means  that  the 
Is  higher  than  the  radius  of  its  base.  Taking  this  c 
historically,  we  should  presume  that  the  dome  1 
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difficult  piece  of  architecture,  since  the  first  dome 
;ed  appears  to  have  been  at  Rome,  in  the  reign  of 
ustus — the  Pantheon,  which  is  still  entire.  The 
5  of  St.  Sophia,  in  Constantinople,  built  in  the  time 
e  Emperor  Justinian,  fell  three  times  during  its  erec- 
:  and  the  dome  of  the  Cathedral  of  Florence  stood 
lished  one  hundred  and  twenty  years  for  want  of  an 
itect.  Yet  we  may,  in  one  sense,  say  that  every 
ler  who  tried  it,  as  well  as  every  labourer  employed, 
the  most  perfect  model  in  his  own  head.  It  is 
dus  enough,  that  the  weight  of  die  upper  part  of  the 
g  must  disengage  the  stones  from  each  other  which 
i  the  lower  circle,  and  tend  to  break  up  their  join- 
,  and  consequently  to  press  or  thrust  outwards  the 
ilar  wall  on  which  it  rests.  No  walls  can  support  the 
;ht,  or  rather,  the  lateral  thrust,  unless  each  stone 
le  dome  be  soldered  to  another,  or  the  whole  hooped 
ther  and  girded:  The  dome  of  St.  Paul's  has  a  very 
lg  double  iron  chain,  linked  together,  at  the  bottom 
he  cone ;  and  several  other  lesser  chains  between 
and  the  cupola,  which  may  be  seen  in  the  section  of 
Paul's  engraved  by  Hooker. 

he  bones  of  the  head  are  securely  bound  together,  so 

the  anatomist  finds,  when  every  thing  is  gone,  save 

bone  itself,  and  there .  is  neither  muscle,  ligament, 

membrane  of  any  kind,  to  connect  the  bones,  they 

still,  securely  joined,  and  it  requires  his  art  to  burst 

i  asunder ;  and  for  this  purpose  he  must  employ  a 

J  which  shall  produce  a  uniform  pressure  from  the 

re  outwards;  and  all  the  sutures  must  receive  the 

mre  at  one  time  and  equally,  or  they  will  not  give 

And  now  is  the  time  to  observe  another  circura 

*e,  which  calls  for  our  admiration.     So  little  of 

ent  is  there  in  the  joining  of  the  bones,  that  the 

of  a  bone  at  the  suture  lies  over  the  adjoining  bone 

te  part  and  under  it  at  another,  which,  with  the 

tailing  of  the  suture,  as  before  described,  holds  each 

in  its  place  firmly  attached ;  and  it  is  this  which 

i  security  to  the  dome  of  the  cranium. 

>*-.  IV.  1 
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If  we  look  at  the  skull  in  front,  we  may  consider  tke 
orbits  of  the  eye  as  crypts  under  the  greater  building. 
And  these  under-arches  are  groined,  that  is  to  say,  then 
are  strong  arched  spines  of  bone,  which  give  *treog& 
sufficient  to  permit  the  interstices  of  the  groining*,  nl 
may  so  term  them,  to  be  very  thin.  Betwixt  &  qt 
and  the  brain,  the  bone  is  as  thin  as  parchment ;  but  f 
the  anterior  part  of  the  skull  had  to  rest  on  this,  tat 
foundation  would  be  insufficient.  This  is  the  purposed] 
the  strong  ridge  of  bone  which  runs  up  like  a  bututsi 
from  the  temple  to  the  lateral  part  of  the  frontal  bona, , 
whilst  the  arch  forming  the  upper  part  of  the  orbit  is  verj  { 
strong :  and  these  ridges  of  bone,  when  the  skull  ■  i 
formed  with  what  we  call  a  due  regard  to  security,  gnf i 
an  extension  to  the  forehead.*  >  , 

In  concluding  this  survey  of  the  architecture  of  taw  j 
head,  let  us  suppose  it  so  expanded  that  we  could  took! 
upon  it  from  within.  In  looking  up  to  the  vault,  ft 
should  at  once  perceive  the  application  of  the  arm  »j 
masonry ;  for  tne  groin  is  that  projection  in  the  italtl 
which  results  from  the  intersection  of  two  arches  runmsf  { 
in  different  directions.x  One  rib  or  groin  extends  froaj 
the  centre  of  the  frontal  bone  to  the  most  project*  j 
part  of  the  occipital  foramen,  or  opening  on  the  back"! 
the  head ;  the  other  rib  crosses  it  from  side  to  side  off 
the  occipital  bone.  The  point  of  intersection  of  thasfj 
two  groins  is  the  thickest  and  strongest  part  of  the  sk4[ 
and  it  is  the  most  exposed,  since  it  is  the  part  of  M 
head  which  would  strike  upon  the  ground  when  a  r" 
falls  backwards. 

What  is  termed  the  base  of  the  skull  is  strenetMJ 
if  we  may  so  express  it,  on  the  same  principle  r  it  ^J 
like  a  cylinder  groin,  where  the  rib  of  an  arch  does 

*  Although  they  are  solid  arches  connected  with 
building  of  the  cranium,  and  bear  no  relation  to  the  sorfL 
of  the  brain,  the  early  craniologists  would  hare  pemsdftii 
that  their  forms  correspond  with  the  surfaces  of  the 
and  indicate  particular  capacities  or  talents. 


AKCHlTECTUBE  07  THE  SKULL.  176 

ninate  upon  a  buttress  or  pilaster,  but  is  continued 
nd  in  the  completion  of  the  circle.  The  base  of  the 
11  is  irregular,  and  in  many  places  thin  and  weak,  but 
se  arched  spines  or  ribs  give  it  strength  to  bear  those 
icks  to  which  it  is  of  course  liable  at  the  joining  of  tho 
ill  with  the  spine. 
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CHAPTER  II. 

MECHANISM   OF  THE   SPINS. 

The  brain-case  is  thus  a  perfect  whole,  secure  c 
sides,  and  strengthened  where  the  exposure  to  inj 
the  greatest.  We  shall  see,  in  the  column  whicl 
tains  it,  equal  provision  for  the  security  of  the  t 
and,  what  is  most  admirable,  there  is  an  entirely  dif 
principle  introduced  here ;  for  whereas  in  the  heac 
whole  aim  is  firmness  in  the  joinings  of  the  bon< 
the  spine  which  supports  the  head,  the  object  to  I 
tained  is  mobility  or  pliancy.  In  the  head,  each  b 
firmly  secured  to  another ;  in  the  spine,  the  bon< 
not  permitted  to  touch :  there  is  interposed  a  soi 
elastic  material,  which  takes  off  the  jar  that  would 
from  the  contact  of  the  bones.  We  shall  considc 
subject  a  little  more  in  detail. 

The  spinal  column,  as  it  is  called,  serves  three 
poses  :  it  is  the  great  bond  of  union  betwixt  all  the 
of  the  skeleton ;  it  forms  a  tube  for  the  ffedgment  < 
spinal  marrow,  a  part  of  the  nervous  system  as  imp 
to  life  as  the  brain  itself ;  and  lastly,  it  is  a  colui 
sustain  the  head. 

We  now  see  the  importance  of  the  spine,  and  wc 
next  explain  how  the  various  offices  are  provided  fc 

If  the  protection  of  the  spinal  marrow  had  bee 
only  object  of  this  structure,  it  is  natural  to  infer  t 
would  have  been  a  strong  and  unyielding  tube  of 
but,  as  it  must  yield  to  the  inflexions  of  the  body,  i 
not  be  constituted  in  so  strict  an  analogy  with  (he 
It  must,  therefore,  bend  j  but  it  must  have  no  abn 
considerable  bending  at  one  part ;  for  the  spinal  m 
within  would  in  this  w&y  «\jSet» 
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^rJ^8  consideration  we  perceive  why  there  are 
^;%  bones  in  the  spine,  each  bending  a  little ; 
t^^culated  or  making  a  joint  with  its  fellow ;  all 
iw/^  in  a  slight  degree,  and,  consequently,  permitting 
^  ^bole  spine  that  flexibility  necessary  to  the  mo- 

*  **•  ^e  ™ty*  **  n  next  to  **  oo*61^^  that,  whilst 
i/THie  by  this  provision  moves  in  every  direction,  it 

jjjjj*  property  which  it  belongs  more  to  our  present 

**P°Be  to  understand.   The  bones  of  the  spine  are  called 

^tebrae ;  at  each  interstice  between  these  bones  there 

*  peculiar  gristly  substance,  which  is  squeezed  out 
an  betwixt  the  bones,  and,  therefore,  permits  them  to 
proach  and  play  a  little  in  the  motions  of  the  body, 
as  gristly  substance  is  inclosed  in  an  elastic  binding, 
membrane  of  great  strength,  which  passes  from  the 
pe  or  border  of  one  vertebra  to  the  border  of  the  one 
ct  it.  When  a  weight  is  upon  the  body,  the  soft 
rtle  is  pressed  out,  and  the  membrane  yields :  the  mo- 
at the  weight  is  removed,  the  membranes  recoil  by 
ir  elasticity,  the  gristle  is  pressed  into  its  place,  ana 

bones  resume  their  position. 

We  can  readily  understand  how  great  the  influence  of 
se  twenty-four  joinings  must  be  in  giving  elasticity  to 

whole  column ;  and  now  much  this  must  tend  to  the 
tectum  of  the  brain.  Were  it  not  for  this  interposi- 
1  of  elastic  material,  every  motion  of  the  body  would 
duce  a  jar  taike  delicate  texture  of  the  brain,  and  we 
mid  suffer  aRDOSfcas  much  in  alighting  on  our  feet,  at 
Falling  on  our  head.  It  is,  as  we  have  already  re- 
rked,  necessary  to  interpose  thin  plates  of  lead  or  slate 
ween  the  different  pieces  of  a  column  to  prevent  the 
pes  (technically  called  arrises)  of  the  cylinders  from 
ding  in  contact,  as  they  would,  in  that  ease,  chip  or 
it  off. 

But  there  is  another  very  curious  provision  for  the  pro- 
tion  of  the  brain :  we  mean  the  curved  form  of  the 
ae.     If  a  steel  spring,  perfectly  straSr  «ed 

wixt  the  hands  from  its  extremities,  * 
hstanding  its  elasticity,  and  when  k 
I  be  with  a  jerk.    Such  would  be  < 
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spine  if  it  stood  upright,  one  bone  perpeodici 
another;  for  then  the  weight  would  bear  equall; 
spine  would* yield  neither  to  one  side  nor  to  the* 
and,  consequently,  there  would  be  a  resistance  fii 
pressure  on  all  sides  being  balanced.  We,  thereto 
the  great  advantage  resulting  from  the  human  spine 
in  the  form  of  an  italic/.  It  is  prepared  to  yield 
direction  of  its  curves ;  the  pressure  is  of  necessity 
upon  one  side  of  the  column  than  on  the  other ;  i 
elasticity  is  immediately  in  operation  without  a  jei 
yields,  recoils,  and  so  forms  the  most  perfect  s 
admirably  calculated  to  carry  the  head  without  jar. 
jury  of  any  kind. 

The  most  unhappy  illustration  of  all  this  is  th 
dition  of  old  age.    The  tables  of  the  skull  are  the 
solidated,  and  the  spine  is  rigid :  if  an  old  man 
mil  with  his  head  upon  the  carpet,  the  blow, 
would  be  of  no  consequence  to  the  elastic  fran 
child,  may  to  him  prove  fatal ;  and  the  rigidity 
•pine  makes  every  step  which  he  takes  vibrate  to 
terior  of  the  head,  and  jar  on  the  brain. 

We  have  hinted  at  a  comparison  betwixt  the 
ment  of  the  spine  to  the  pelvis  and  the  insertion 
mast  of  a  ship  into  the  hull.  The  mast  goes  c 
through  the  decks  without  touching  them,  and  tt 
of  the  mast  goes  into  the  step,  which  is  formed  o 
solid  pieces  of  oak  timber  laid  across  the  keelson 
keelson  is  an  inner  keel  resting  upon  the  floor-tin 
the  ship  and  directly  over  the  proper  keel.  Th 
contrivances  for  enlarging  the  base  on  which  tt 
rests  as  a  column :  for  as,  in  proportion  to  the  heij 
weight  of  a  column,  its  base  must  be  enlarged 
would  sink  into  the  earth ;  so,  if  the  mast  were 
upon  a  point,  it  would  break  through  the  bottom 
ship. 

The  mast  is  supported  upright  by  the  ahroc 
stays.    The  shrouds  secure  it  against  the  lateral 
ing  motion,  and  the  stays  and  backstays  against  the 
ing  of  the  ship.    These  form  what  is  termed  the 
ing  rigging.    The  maaV.  &<*»  not  bear  upon  thee 
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on  the  beams  of  the  ship ;  indeed  there  is  a  space  covered 
with  canvas  betwixt  the  deck  and  the  mast. 

Wc  often  hear  of  a  new  ship  going  to  sea  to  stretch 

her  rigging ;  that  is,  to  permit  the  shrouds  and  3tays  to 

be  stretched  by  the  motion  of  the  ship,  after  which  they 

are  again  braced  tight :  for  if  she  were  overtaken  by  a 

storm  before  this  operation,  and  when   the  stays  and 

shrouds  were  relaxed,  the  mast  would  lean  against  the 

upper  deck,  by  which  it  would  be  sprung  or  carried 

away.     Indeed,  the  greater  proportion  of  masts  that  are 

lost  are  lost  in  this  manner.     There  are  no  boats  which 

keep  the  sea  in  such  storms  as  those  which  navigate  the 

gult  of  Finland.    Their  masts  are  not  attached  at  all  to 

the  hull  of  the  ship,  but  simply  rest  upon  the  step. 

Although  the  spine  has  not  a  strict  resemblance  to  the 
mast,  the  contrivances  of  the  ship-builder,  however  dif- 
ferent from  the  provisions  of  nature,  show  what  object  is 
to  be  attained ;  and  when  we  are  thus  made  aware  of 
what  is  necessary  to  the  security  of  a  column  on  a  move- 
able base,  we  are  prepared  to  appreciate  the  superior  pro- 
visions of  nature  for  giving  security  to  the  human  spine. 

The  human  spine  rests  on  what  is  called  the  pelvis,  or 
basin ; — a  circle  of  bones,  of  which  the  haunches  are  the 
extreme  lateral  parts ;  and  the  sacrum  (which  is  as  the 
keystone  of  the  arch)  may  be  felt  at  the  lower  part  of  the 
back.  To  this  central  bone  of  the  arch  of  the  pelvis  the 
spine  is  connected ;  and,  taking  the  similitude  of  the 
mast,  the  sacrum  is  as  the  step  on  which  the  base  of  the 
pilar,  like  the  heel  of  the  mast,  is  socketed  or  mortised. 
The  spine  is  tied  to  the  lateral  parts  of  the  pelvis  by 
powerful  ligaments,  which  may  be  compared  to  the 
shrouds.  They  secure  the  lower  part  of  the  spine 
against  the  shock  of  lateral  motion  or  rolling ;  but,  in- 
stead of  the  stays  to  limit  the  play  of  the  spine  forwards 
and  backwards  in  pitching*  or  to  adjust  the  rake  of  the 
mast,  there  is  a  very  beautiful  contrivance  in  the  lower 
part  of  the  column. 

The  spine  forms  here  a  semicircle  *his 

■affect ;  that,  whether  by  the  exertion 
tremities,  the  spine  is  to  be  earned 


pelvis,  or  whether  ths  body  stope  mUmif  i»  Mckf, 
the  jar  which  would  necesiarily  lab  place  at  the  lew 
put  of  the  apfaie  a,  if  it  stood  acngM  like  *  wmt,  k  dis- 
tributed over  scleral  of  the  bane*  of  tee  apnea,  1, «,  a,  4, 
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For  example,  the  sacrum, or  i. 

being  carried  forward,  at  when  one  it  about  to  rai,  - 
force  is  communicated  to  the  lowest  bone  of  the  ipat  ■ 
But,  then,  the  surfaces  of  these  bone*  stand  with  «  wj    1 
slight  degree  of  obliquity  to  the  fine  of  motka;  *    ' 
shock  communicated  from  the  lower  to  the  second  ssl    ' 
of  the  vertebras  is  still  in  a  direction  very  nearly  perl* 
dicular  to  it*  surface  of  contact.    The  same  takes  p" 
in  the  communication  of  force  from  the  second  to* 
third,  and  from  the  third  to  the  fowl 

the  shock  of  the  horizontal  motion  acta  _r_ -,  r.  , 

dicular  spine,  it  is  ttunuubai  ««  four  bones  of  ft* 
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instead  of  the  whole  force  being  concentrated 
3  joining  of  any  two,  as  at  a. 
3  column  stood  upright,  as  indicated  at  c  d,  it 
e  jarred  at  the  lowest  point  of  contact  with  its 
>ut  by  forming  a  semicircle  a  b,  the  motion  which 
direction  x  r  would  produce  a  jar  on  the  very 
art  of  the  column,  is  distributed  over  a  consider- 
ation of  the  column  a  b  ;  and  in  point  of  fact, 
t  of  the  spine  never  gives  way.  Indeed,  we 
>e  inclined  to  offer  this  mode  to  the  consideration 
ad  men,  as  fruitful  in  hints  lor  improving  naval 
ture. 

'  one  who  has  seen  a  ship  pitching  in  a  heavy  sea, 
re  asked  himself  why  the  masts  are  not  upright, 
r,  why  the  foremast  stands  upright,  whilst  the 
d  mizen  masts  stand  oblique  to  the  deck,  or.  at 
ise  is,  rake  sit  or  towards  the  stern  of  the  ship, 
nain  and  mizen  masts  incline  backwards,  because 
n  is  greatest  in  the  forward  pitch  of  the  vessel ; 
nast  having  received  an  impulse  forwards,  it  is 
r  checked  as  the  head  of  the  ship  rises ;  but  the 
ng  set  with  an  inclination  backwards,  the  motion 
re  in  the  perpendicular  line  from  the  head  to  the 
This  advantage  is  lost  in  the  upright  position  of 
nast,  but  it  is  sacrificed  to  a  superior  advantage 
l  working  the  ship ;  the  sails  upon  this  mast  act 
•werfully  in  swaying  the  vessel  round,  and  the 
icular  position  causes  the  ship  to  tack  or  stay 
but  the  perpendicular  position,  as  we  have  seen, 
le  strain  in  pitching  to  come  at  right  angles  to 
,  and  is,  therefore,  more  apt  to  spring  it. 

considerations  give  an  interest  to  the  fact,  that 
an  spine,  from  its  utmost  convexity  near  its  base, 
backwards. 


\* 
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CHAPTER  III. 

OF  THE   CHEST. 

Iw  extending  the  parallel  which  we  proposed  b 
the  structure  of  the  body  and  the  works  of  human 
signifies  very  little  to  what  part  we  turn ;  for  the 
adaptation  of  means  to  the  end  will  everywhere  ch; 
our  admiration,  in  exact  proportion  to  our  success  i 
prehending  the  provisions  which  Supreme  Wisd( 
made.  We  turn  now  to  a  short  view  of  the  bones 
chest. 

The  thorax,  or  chest,  is  composed  of  bones  an 
tilages,  so  disposed  as  to  sustain  and  protect  the  mo: 
parts,  the  heart  and  lungs,  and  to  turn  and  twist  wil 
feet  facility  in  every  motion  of  }he  body  ;  and  to 
incessant  motion  in  the  act  of  respiration,  without 
merit's  interval  during  a  whole  life.  In  anatomic 
scription,  the  thorax  is  formed  of  the  vertebral  o 
or  spine,  on  the  back  part,  the  ribs  on  cither  sic 
the  breastbone,  or  sternum,  on  the  fore  part.  E 
thing  most  to  be  admired  is  the  manner  in  whict 
bones  are  united,  and  especially  the  manner  in 
the  ribs  are  joined  to  the  breastbone,  by  the  interp 
of  cartilages,  or  gristle,  of  a  substance  softer  than 
and  more  elastic  and  yielding.  By  this  quality  tr 
fitted  for  protecting  the  chest  against  the  effects 
lence,  and  even  for  sustaining  life  after  the  m 
power  of  respiration  has  become  too  feeble  to  c< 
without  this  support. 

If  the  ribs  were  complete  circles,  formed  of  bo 
extending  from  the  spine  to  the  breastbone,  life 
be  endangered  by  any  accidental  fracture  ;  and  e 
rubs  arid  jolts  to  vjYucta  \3tia  W\&an  frame  is  con 
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posed,  would  be  too  much  for  their  delicate  and  brittle 
sture.  But  these  evils  are  avoided  by  the  interposition 
the  elastic  cartilage.  On  their  forepart  the  ribs  are 
:ed  out,  and  joined  to  the  breastbone  by  means  of  car- 
ages,  of  a  form  corresponding  to  that  of  the  ribs,  being, 
it  were,  a  completion  of  the  arch  of  the  rib,  by  a  sub- 
nice  more  adapted  to  yield  in  every  shock  or  motion  of 
e  body.  The  elasticity  of  this  portion  subdues  those 
ocks  which  would .  occasion  the  breaking  of  the  ribs, 
e  lean  forward,  or  to  one  side,  and  the  ribs  accommo- 
te  themselves,  not  by  a  change  of  form  in  the  bones, 
t  by  the  bending  or  elasticity  of  the  cartilages.  A  severe 
>w  upon  the  ribs  does  not  break  them,  because  their 
tremities  recoil  and  yield  to  the*  violence.  It  is  only 
youth,  however,  when  the  human  frame  is  in  perfec- 
n,  that  this  pliancy  and  elasticity  have  full  effect, 
hen  old  age  approaches,  the  cartilages  of  the  ribs  be- 
ne bony.  They  attach  themselves  firmly  to  the  breast- 
ae,  and  the  extremities  of  the  ribs  are  fixed,  as  if  the 
ole  arch  were  formed  of  bone  unyielding  and  inelastic, 
i^n  every  violent  blow  upon  the  side  is  attended  with 
cture  of  the  rib,  an  accident  seldom  occurring  in  child- 
>d,  or  in  youth. 

But  there  is  a  purpose  still  more  important  to  be  accom- 
shed  by  means  of  the  elastic  structure  of  the  ribs,  as 
*tly  formed  of  cartilage.  This  is  in  the  action  of 
iathing,  or  respiration  ;  especially  in  the  more  highly- 
aed  respiration  which  is  necessary  in  great  exertions  of 
lily  strength,  and  in  violent  exercise.  There  are  two 
s  of  breathing — expiration,  or  the  sending  forth  of  the 
£&th ;  and  inspiration,  or  the  drawing  in  of  the  breath, 
ben  the  chest  is  at  rest,  it  is  neither  in  the  state  of  ex- 
ation  nor  in  that  x>f  inspiration ;  it  is  in  an  intermediate 
edition  between  these  two  acts.  And  the  muscular 
*rt  by  which  either  inspiration  or  expiration  is  pro- 
sed is  an  act  in  opposition  to  the  elastic  property  of 
•  ribs.  The  property  of  the  ribs  is  to  preserve  the 
»ast  in  the  intermediate  state  between  expiration  and 
|)iration.  The  muscles  of  respiration  are  excited  al- 
tmtely,  to  dilate  or  to  contract  the  cavity  oi  tta  <&e&\* 
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and,  in  doing  86,  to  raise  or  to  depress  the  ribs.  Hence  it 
is,  that  both  in  inspiration  and  in  expiration  the  elasticity 
of  the  ribs  is  called  into  play :  and,  were  it  within  our 
province,  it  would  be  easy  to  snow,  that  the  dead  power 
of  the  cartilages  of  the  ribs  preserves  life  by  reepiraik*, 
after  the  vital  muscular  power  would,  without  such  as- 
sistance, be  too  weak  to  continue  life. 

It  will  at  once  be  understood,  from  what  has  new  been 
explained,  how,  in  age,  violent  exercise  or  exertion  k 
under  restraint,  in  so  far  as  it  depends  on  respiration. 
The  elasticity  of  die  cartilages  is  gone,  the  circle  of  the 
ribs  is  now  unyielding,  and  will  not  allow  that  hgi 
breathing,  that  sudden  and  great  dilating  and  conlrstAf 
of  the  cavity  of  the  chest,  which  is  required  for  circiht 
ing  the  blood  through  the  lungs,  and  relieving  the  host 
amidst  the  more  tumultuous  flowing  of  the  blood  ws*s 
exercise  and  exertion  produce, 
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CHAPTER  IV. 

TOEBXGN  SHOWN  IN  THE  STBUCTUBE  07  THE  BONIS   AND 
JOINTS   OF  THE  EXTREMITIES. 

That  the  bones,  which  form  the  interior  of  animal  bodies, 
ahould  have  the  most  perfect  shape,  combining  strength 
And  lightness,  ought  not  to  surprise  us,  when  we  find  this 
in  the  lowest  vegetable  production. 

In  the  sixteenth  century,  an  unfortunate  man  who 
taught  medicine,  philosophy,  and  theology,  was  accused 
of  atheistical  opinions,  and  condemned  to  have  his  tongue 
cut  out,  and  to  suffer  death.  When  brought  from  his  cell 
before  the  Inquisition,  he  was  asked  if  he  believed  in 
God.  Picking  up  a  straw  which  had  stuck  to  his  gar- 
ments, "  If,"  said  he,  "  there  was  nothing  else  in  nature 
to  teach  me  the  existence  of  a  Deity,  even  this  straw 
would  be  sufficient  !"* 

[A  reed,  or  a  quill,  or  a  bone,  may  be  taken  to  prove 
that  in  Nature's  works  strength  is  given  with  the  least 
possible  expense  of  materials.  The  long  bones  of  animals 
are,  for  the  most  part,  hollow  cylinders,  filled  up  with 
the  lightest  substance,  marrow ;  and  in  birds  the  object 
is  attained  by  means  (if  we  may  be  permitted  to  say  so) 
•till  more  artificial.  Every  one  must  have  observed,  that 
the  breast-bone  of  a  fowl  extends  along  the  whole  body, 
and  that  the  body  is  very  large  compared  with  the 
weight :  this  is  for  the  purpose  of  rendering  the  creature 
specifically  lighter  and  more  buoyant  in  the  air ;  and  that 
It  may  have  a  surface  for  the  attachment  of  muscles,  equal 
to  the  exertion  of  raising  it  on  the  wing.    This  combina- 

*  The  passage  following,  marked  in  brackets,  on  to  p.  180, 
appears  also  in  Sir  C.  Bell's  Illustrations  of  Paley,  p.  18.  It 
could  not  be  removed  from  its  present  place  mthsrcX  iatoaV 
tag  the  coherence  of  the  argument. 
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htness  with  increase  of  voiuroo  is  Gained  bj 

lending  llsrou^'li  the  body,  and  comuiri;ii<  iiiiuf 
•ctween  the  lungs  and  cavities  of  the  Ixnitk 
iieaiis,  the  irons;.  although  large  and  strong  to 
the  0|ieration  of  powerful   muscles  upon  uiin, 


cylindrical,  though  they  are  not  accuratcl}  •, 
of  which  we  shall  presently  explain  ;  and  n 
ie  same  time,  show  that  their  irre^larities"* 
Dial,  lis  some  have  imagined.  But  let  us kt 
te  the  advantage  which,  in  the  structure  of  ll* 
lerivril  fruiii  [In-  iy  iimlrkul  form,  or  u  form  if- 
to  that  of  the  cylinder.  If  a  piece  of  timlw 
on  two  points,  thus — 


sht  upon  it,  it  sustains  this  weight  by  different 
n  its  different  parts.     For  example,  divide  il 

ei|ual  parts  (a,  n,  c) :  the  upper  part 
nvljrht  hy  it*  solidity  and  resistance  to  tx 
lowest  part  e,  on  the  othor  hand,  resists  uyin 
,  or  adhesive  quality.  Betwixt  the  pnrttfM 
;o  different  u  manner  there  is  on  intenneduH 
:  central  part  c,  that  may  hi:  taken  away  wioV 
all\-  vvraieukiL'  the  licain,  which  shows  thit  » 
Under  is  the  "form  of  strength.  The  WriW 
■rwd  a  eood  demonstration  of  this : —a  I  " 
iloan  down,  and  lay  upon  the  ground ;  it 
.Jfc^roken  part,  paped;  it  hud  been 
*  "^topn'mu  "S  a.i<-\ie-.  to  the  leeward  sill 
,  of'tiie    ' 


tea  o 
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another  and  splintered ;  whilst  the  central  part  remained 
entire.  This,  we  presume,  must  be  always  the  case, 
more  or  less ;  and  here  we  take  the  opportunity  of  notic- 
ing why  the  arch  is  the  form  of  strength.  If  this  trans- 
Terse  piece  of  timber  were  in  the  form  of  an  arch,  and 
supported  at  the  extremities,  then  its  whole  thickness, 
its  centre,  as  well  as  the  upper  and  lower  parts,  would 
support  weight  by  resisting  compression.  But  the  demon- 
stration may  be  carried  much  farther  to  show  the  form  of 
strength  in  the  bone.  If  the  part  of  the  cylinder  which 
bears  the  pressure  be  made  more  dense,  the  power  of 
resistance  will  be  much  increased ;  whereas,  if  a  liga- 
mentous covering  be  added  on  the  other  side,  it  will 
strengthen  the  part  which  resists  extension :  and  we  ob- 
serve a  provision  of  this  kind  in  the  tough  ligaments 
which  run  along  the  vertebrae  of  the  back. 

When  we  see  the  bone  cut  across,  we  are  forced  to 
acknowledge  that  it  is  formed  on  the  principle  of  the 
cylinder ;  that  is,  that  the  material  is  removed  from  the 
centre,  and  accumulated  on  the  circumference,  thus— 


We  find  a  spine,  or  ridge  running  along  the  bone,  which, 
when  divided  by  the  saw  in  a  transverse  direction,  ex- 
hibits an  irregularity,  as  at  a. 

The  section  of  this  spine  shows  a  surface  as  dense  as 
ivory,  which  is,  therefore,  much  more  capable  of  resist- 
ing compression  than  the  other  part  of  the  cylinder, 
which  is  common  bone.  This  declares  what  the  spine 
is,  and  the  anatomists  must  be  wrong  wYvo  \ma.^w&  ^osfe. 
the  bone  is  moulded  by  the  action  oi  tVve  m\is&a*«B& 
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that  the  spine  is  a  mere  ridge,  arising  by  accident  amoag 
the  muscles.  It  is,  on  the  contrary,  a  strengthening  of 
the  bone  in  the  direction  on  which  the  weight  bin. 
If  we  resume  the  experiment  with  the  piece  of  timber, 
we  shall  learn  why  the  spine  is  harder  than  the  rest  of 
the  bone.  If  a  portion  of  the  upper  part  of  the  timber 
be  cut  away,  and  a  harder  wood  inserted  in  its  place, 
the  beam  will  acquire  a  new  power  of  resisting  fracture, 
because,  as  we  have  stated,  this  part  of  the  wood  does 
not  yield  but  by  being  crushed,  and  the  insertion  of  the 


harder  portion  of  wood  increases  this  property  of  re- 
sistance. With  this  fact  before  us  we  may  return  to 
the  examination  of  the  spine  of  bone.  We  see  that  it » 
calculated  to  resist  pressure,  first,  because  it  is  farther 
removed  from  the  centre  of  the  cylinder ;  and,  secondly, 
because  it  is  denser,  to  resist  compression,  than  the  other 
part  of  the  circumference  of  the  bone.* 

This  explanation  of  the  use  of  a  spine  upon  a  bone 
gives  a  new  interest  to  osteology.f  The  anatomist  ought 
to  deduce  from  the  form  of  the  spine  the  motions  of  the 
limb ;  the  forces  bearing  upon  the  bone,  and  the  nature 
and  the  common  place  of  fracture  ;  while  to  the  general 
inquirer  an  agreeable  process  of  reasoning  is  introduced 
in  that  department,  which  is  altogether  without  interest 
when  the  "  irregularities"  of  the  bone  are  spoken  of,  * 

*  As  the  line  A  B  extends  farther  from  the  centre  thin 
H  C,  on  the  principle  of  a  lever,  the  resistance  to  transrene 
fracture  will  be  greater  in  the  direction  A  B  than  B  C. 

f  Osteology,  from  the  Greek  words,  signifying  discount 
on  bone,  being  the  demoratn&HLof  the  mans  and  fnrawr'* 
of  the  different  bones. 
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ere  the  accidental  consequences  of  the  pressure 
h  upon  it. 

go  treating  of  the  purely  mechanical  principle, 
aps,  not  far  removed  from  our  proper  object  to 
hat  a  person  of  feeble  texture  and  indolent 
i  the  bone  smooth,  thin,  and  light ;  but  that 
)licitou8  for  our  safety,  in  a  manner  which  we 
anticipate,  combines  with  the  powerful  mus- 
te  a  dense  and  perfect  texture  of  bone,  where 
le  and  tubercle  is  completely  developed.  And 
inert  and  mechanical  provisions  of  the  bone 
?ar  relation  to  the  muscular  power  of  the  limb, 
ise  is  as  necessary  to  the  perfect  constitution  of 
it  is  to  the  perfection  of  the  muscular  power. 
peak  correctly  enough,  when  they  use  the  term 
id  bone"  as  distinguishing  the  breed  or  gene- 
lorses ;  for  blood  is  an  allowable  term  for  the 
bone  is  so  far  significant,  that,  the  bone  of  a 
orse  is  remarkably  compact  compared  with  the 
draught  horse.  The  reader  can  easily  under- 
t  the  span  in  the  gallop  must  give  a  shock  in 
1  to  its  length;  and  as  in  man,  so  in  the  horse, 
iv  the  muscular  power  the  denser  and  stronger 
e. 

ne  not  being  as  a  mere  pillar,  intended  to  bear 
iicular  weight,  we  ought  not  to  expect  uni- 
its  shape.  Each  bone,  according  to  its  place, 
.gainst  the  varying  forces  that  are  applied  to  it. 
two  men  wrestling  together,  and  then  think 
us  the  property  of  resistances  must  be :  here 
ml  ling,  and  the  bones  are  like  ropes ;  or  again, 
writhing  and  twisting,  and  the  bones  bear  a 
the  axle-tree  between  two  wheels ;  or  they 
pillar  under  a  great  weight ;  or  they  are  acting 

istand  these  different  shocks,  a  bone  consists 
irts,  the  earth  of  bone  (sub-phosphate  of  lime) ; 
ive  it  toughness ;  and  cartilage  to  give  it  elas- 
hese  ingredients  are  not  uniformly  mixed  up 
es ;  but  some  bones  are  hard,  from  the  \sres*- 
ie  earth  of  bone ;  some  more  fibrous,  to  tssvsfc 
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a  pull  upon  them  ;  and  some  more  elastic,  to  1 
shocks  in  walking,  leaping,  &c.  But  to  retur 
forms : — Whilst  the  centre  of  the  long  bones 
have  stated,  cylindrical,  their  extremities  are  a 
and  assume  various  shapes.  The  expansion  of 
of  the  bone  is  to  give  a  greater,  and  consequent} 
secure  surface  for  the  joint,  and  its  form  regul 
direction  in  which  the  joint  is  to  move.  A  joes 
ting  his  hand  on  the  knee  of  a  colt,  and  finding 
and  flat,  augurs  the  perfection  of  the  full-grow: 
To  admit  of  this  enlargement  and  difference  of 
change  in  the  internal  structure  of  die  bone  is  nc 
and  the  hollow  of  the  tube  is  filled  up  with  ceo 
lattice-work.  These  cancdK  of  the  bone  are  mil 
delicate,  like  wires,  which  form  lattice-work,  ea 
In  all  directions  through  the  interior  of  the  bo 
which,  were  it  elastic,  would  be  like  a  sponge, 
more  uniform  texture  of  the  bone  permits  the  outi 
to  be  very  thin,  so  that  whilst  the  centre  of  ti 
bones  are  cylinders,  their  extremities  are  of  a  i 
cancellated  structure.  But  it  is  pertinent  to  our  ] 
to  notice,  that  this  minute  lattice-work,  or  the  < 
which  constitute  the  interior  structure  of  bone 
still  reference  to  the  forces  acting  on  the  bone; 


The  head  of <J»ttda)i-Vm»,  taAv<roVta&a»6tociQf  th«« 
con*  «vfttt^  Vs><hftT\x»  tft  ^rv£ft^% 
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oubts  this,  let  him  make  a  section  of  the  upper  and 
end  of  the  thigh-bone,  and  let  him  inquire  what 
•■  meaning  of  the  difference  in  the  lie  of  these  mi- 
bony  fibres,  in  the  two  extremities  ?    He  will  find 
the  head  of  the  thigh-bone  stands  obliquely  off  from 
baft,  and  that  the  whole  weight  bears  on  what  is 
ed  the  irmer  trochanter:  and  to  that  point,  as  to  a 
•ess,  all  these  delicate  fibres  converge,  or  point  from 
head  and  neck  of  the  bone,  which  may  be  rudely 
esented  in  this  way.     (See  fig.,  p.  190.) 
re  may  here  notice  an  opinion  that  has  been  enter- 
ed, in  regard  to  the  size  of  animals.     It  is  believed 
the  material  of  bone  is  not  capable  of  supporting 
mature  larger  than  the  -elephant,  or  the  mastodon, 
h  is  the  name  of  an  extinct  animal  of  great  size,  the 
us  remains  of  which  are  still  found.     This  opinion 
intenanced  by  observing  that  their  bones  are  very 
sy,  that  their  spines  are  of  great  thickness,  and  that 
hollow  cylinders  are  almost  filled  up  with  bone, 
may  be  illustrated  in  this  manner ; — A  soft  stone 
cting  from  a  wall  may  make  a  stile,  strong  enough 
ar  a  person's  weight ;  but  if  it  were  necessary  to 
e  its  length,  the  thickness  must  be  more  than  dou- 
or  a  freestone  substituted ;  and  were  it  necessary  to 
this  freestone  project  twice  as  far  from  the  wall, 
if  doubled  in  thickness,  it  would  not  be  strong 
ph  to  bear  a  proportioned  increase  of  weight :  gra- 
lust  be  placed  in  its  stead ;  and  even  the  granite 
I  not  be  capable  of  sustaining  four  times  the  weight 
i  the  soft  stone  bore  in  the  first  instance.     In  the 
way  the  stones  which  form  an  arch  of  a  large  span 
be  of  the  hardest  granite,  or  their  own  weight 
I  crush  them.     The  same  principle  is  applicable  to 
)nes  of  animals.     The  material  of  bone  is  todteoft  to 
an  indefinite  increase  of  weight ;  and  it  is  another 
ation  of  what  was  before  stated,  that  there  is  a  ree- 
stablished through  all  nature,  and  that  the  very 
Is  which  move  upon  the  surface  of  the  earth  are 
rtioned  to  its  magnitude,  and  the  gravitation  to  its 
i.    Archdeacon  Paley  has  with  great  pro\w\eVj  \aksxx 
stance  of  the  form  of  the  ends  of  bones,  as  ^tonx^o 


? 
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design  in  the  mechanism  of  a  joint.  Bat  there  if  ra» 
thin?  so  highly  interesting  in  the  conformation  of  the 
whole  skeleton  of  an  animal,  and  the  adaptation  of  aj 
one  part  to  all  the  other  parts,  that  we  must  not  let  off 
readers  remain  ignorant  of  the  facts,  or  of  the  import** 
conclusions  drawn  from  them. 

What  we  have  to  state  has  been  the  result  of  tb 
studies  of  many  naturalists ;  but  although  they  «*■ 
laboured,  as  it  were,  in  their  own  department  of  oos> 
parative  anatomy,  they  have  failed  to  seize  upoa  it  fit 
the  privilege  of  genius,  and  to  handle  it  in  toe  nstierjr 
manner  of  Cuvier. 

Suppose  a  man  ignorant  of  anatomy  to  pick  up  i  boM 
in  an  unexplored  country,  he  learns  nothing,  except  M 
some  animal  has  lived  and  died  there ;  but  the  anitoai 
can,  by  that  single  bone,  estimate,  not  merely  the  fl** 
the  animal,  as  well  as  if  he  saw  the  print  of  its  fcot,  W 
the  form  and  joints  of  the  skeleton,  the  structure  of  ijj  J 
jaws  and  teeth,  the  nature  of  its  food,  and  its  intent> 
economy.  This,  to.  one  ignorant  of  the  subject,  ^ 
appear  wonderful,  but  it  is  after  this  manner  thit  fc 
anatomist  proceeds :  let  us  suppose  that  he  has  takeaif 
that  portion  of  bone  in  the  limb  of  the  quadruped  wk» 
corresponds  to  the  human  wrist ;  and  that  he  finds  d* 
the  form  of  the  bone  does  not  admit  of  free  motion  ■ 
various  directions,  like  the  paw  of  the  carnivorous  fl* 
ture.  It  is  obvious,  by  the  structure  of  the  part,  thfjttfc 
limb  must  have  been  merely  for  supporting  the  aw"J 
and  for  progression,  and  not  for  seizing  prey.  This  lev 
him  to  the  fact  that  there  were  no  bones  resembling  th* 
of  the  hand  and  fingers,  or  those  of  the  claws  of  tk 
tiger ;  for  the  motions  which  that  conformation  of  bos* 
permits  in  the  paw  would  be  useless  without  the  n* 
tion  of  the  wrist — he  concludes  that  these  bones** 
formed  in  one  mass,  like  the  cannon-bone,  pastern-bo* 
and  coffin-bones  of  the  horse's  foot.* 

*  For  these  are  solid  bones,  where  it  is  difficult  to  wsf 

nise  any  resemblance  to  the  carpus,  metacarpus,  and  bos* 

of  the  fingers ;  and  yet  comparative  anatomy  proves  & 

these  moveable  bones  are  of  fa&  ctme  class  with  those  is  * 

solid  hoof  of  the  bellua  ofc\i\\mmw» 


* 
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j  motion  limited  to  flexion  and  extension  of  the  foot 
oofed  animal  implies  the  absence  of  a  collar-bone, 
restrained  motion  in  the  shoulder  joint ;'  and  thus 
ituralist,  from  the  specimen  in  his  hand,  has  got  a 
:t  notion  of  all  the  bones  of  the  anterior  extremity ! 
notions  of  the  extremities  imply  a  condition  of  the 
which  unites  them.  Each  bone  of  the  spine  will 
that  form  which  permits  the  bounding  of  the  stag, 
i  galloping  of  the  horse,  but  it  will  not  hare  that 
of  joining  which  admits  the  turning  or  writhing  of 
>ine,  as  in  the  leopard  or  the  tiger, 
d  now  he  comes  to  the  head :  —the  teeth  of  a  carni- 
s  animal,  he  says,  Would  be  useless  to  rend  prey, 
$  there  were  claws  to  hold  it,  and  a  mobility  of  the 
xiities  like  the  hand,  to  grasp  it.  He  considers, 
fore,  that  the  teeth  must  have  been  for  bruising 
,  and  the  back  teeth  for  grinding.  The  socketing 
se  teeth  in  the  jaw  gives  a  peculiar  form  to  these 
,  and  the  muscles  which  move  them  are  also  pecu- 
in  short,  he  forms  a  conception  of  the  shape  of  the 
From  this  point  he  may  set  out  anew,  for  by  the 
)f  the  teeth  he  ascertains  the  nature  oi  the  stomach, 
ength  of  the  intestines,  and  all  the  peculiarities 
i  mark  a  vegetable  feeder. 

us  the  whole  parts  of  the  animal  system  are  so  con- 
1  with  one  another,  that  from  one  single  bone  or 
ent  of  bone,  be  it  of  the  jaw,  or  of  the  spine,  or  of 
Ltremity,  a  really  accurate  conception  of  the  shape, 
is,  and  habits  of  the  animal,  may  be  formed, 
vill  readily  be  understood  that  the  same  process  of 
ling  will  ascertain,  from  a  small  portion  of  a  skele- 
»e  existence  of  a  carnivorous  animal,  or  of  a  fowl, 
i  bat,  or  of  a  lizard,  or  of  a  fish ;  and  what  a  con- 
1  is  here  brought  home  to  us,  of  the  extent  of  that 
rhich  adapts  the  members  of  every  creature  to  its 
'office,  and  yet  exhibits  a  system  extending  through 
lole  range  of  animated  beings,  whose  motions  are 
2ted  by  the  operation  of  muscles  and  bones, 
er  all,  this  is  but  a  part  of  the  wonders  disclosed 
;h  the  knowledge  of  a  thing  so  desptaedi  aa  *it*%- 
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ment  of  bone.     It  carries  us  into  another  science ;  once 
the  knowledge  of  the  skeleton  not  only  teaches  us  the 
classification  of  creatures  now  alive,  but  affords  proofs  of 
the  former  existence  of  animated  beings  which  are  not 
now  to  be  found  on  the  surface  of  the  earth.    We  are 
thus  led  to  an  unexpected  conclusion  from  such  premise! : 
not  merely  the  existence  of  an  individual  animal,  orrrt; 
of  animals ;  but  even  the  changes  which  the  globe  hall 
has  undergone  in  times  before  all  existing  records,  ad] 
before  the  creation  of  human  beings  to  inhabit  the  eartijj 
are  opened  to  our  contemplation. 

Of  Standing. 

This  may  appear  to  some  a  very  simple  inquiry,  and  fk\ 
it  is  very  ignorant  to  suppose  that  it  is  so.  The  sub^dl 
has  been  introduced  in  this  fashion : — "  Observe  well 
men  engaged  in  raising  a  statue  to  its  pedestal  with  till 
contrivances  of  pulleys  and  levers,  and  how  they  k*J| 
placed  it  on  the  pedestal  and  are  soldering  it  to  keepij 
steady,  lest  the  wind  should  blow  it  down.  This  stab* 
has  the  fair  and  perfect  proportions  of  the  human  bofljj 
to  all  outward  appearance  it  ought  to  stand." 

In  the  following  passage  we  have  the  same  idea  throU 
out  in  a  manner  which  we  are  apt  to  call  French.  ^** 
a  man  cast  on  a  desert  shore,  and  there  to  find  a  be*! 
tiful  statue  of  marble,  he  would  naturally  exclaim,--! 
"  Without  doubt,  there  have  been  inhabitants  herejll 
recognise  the  hand  of  a  famous  sculptor :  I  admire  w| 
delicacy  with  which  he  has  proportioned  all  the  membefl 
of  the  body  to  give  them  beauty,  grace,  and  majesty*! 
indicate  the  motion  and  expression  of  life."    Butitnfl 
be  asked,  what  would  such  a  man  think  if  his  wmpaa»|^ 
were  to  say, — *  *  Not  at  all — no  sculptor  made  this  stati 
it  is  formed,  to  be  sure,  in  the  best  taste,  and  accor 
to  the  rules  of  art,  but  it  is  formed  by  chance :  amo 
the  many  fragments  of  marble,  there  has  been  one 
formed  of  itself.    The  rain  and  the  winds  have  dctac 
it  from  the  mountain,  and  a  storm  has  placed  it  upr 
on  the  pedestal.     The  pedestal,  too,  was  prepared  of 
self  in  this  lonely  pW»,    Tlta\<&,\\S&\\t&  the  Apollo,' 
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Venus,  or  the  Hercules.  You  might  believe  that 
igure  lived  and  thought;  that  it  was  prepared  to 
e  and  speak;  but  it  owes  nothing  to  art;  blind 
ice  has  placed  it  there."  * 

he  first  passage  suggests  the  conviction  that  the 
er  of  standing  proceeds  not  from  any  symmetry,  as 
pillar,  or  from  gravitation  alone.  It,  in  fact,  pro- 
s  from  an  internal  provision,  by  which  a  man  is 
ble  of  estimating,  with  great  precision,  the  inclina- 
of  his  body,  and  correcting  the  bias  by  the  adjust- 
t  of  the  muscles.  In  the  second  passage,  it  is  meant 
e  shown  that  the  outward  proportion  of  the  form 
s  a  relation  to  the  internal  structure ;  that  grace  and 
•ession  are  not  superficial  qualities,  and  that  only  the 
tie  Architect  could  form  such  a  combination  of  ani- 
k!  machinery. 

re  shall  consider  how  the  human  body  is  prepared  by 
lanical  contrivances  to  stand  upright,  and  by  what 
sense  of  the  gravitation  of  the  body  the  muscles  are 
ted  to  stiffen  the  otherwise  loose  joints,  and  to  poise 
body  on  its  base. 

Of  the  Foot. 

et  us  take  the  arrangement  of  the  bones  of  the  foot, 
rding  to  the  demonstration  of  the  anatomists, 
hey  are  divided  into  the  tarsus,  which  is  composed 
:ven  bones,  reaching  from  the  heel  to  the  middle  of 
foot.  The  metatarsus,  which  consists  of  five  long 
*s  laid  parallel  to  each  other,  and  extending  from  the 
is  to  the  roots  of  the  toes.  The  bones  of  the  toes  are 
;d  phalanges,  from  being  in  the  form  of  a  phalanx, 
here  are  in  all  thirty-six  bones  in  the  foot ;  and  the 

question  that  naturally  arises,  is,  why  should  there 
o  many  bones  ?    The  answer  is,  In  order  that  there 

be  so  many  joints ;  for  the  structure  of  a  joint  not 

permits  motion,  but  bestows  elasticity. 

joint  then  consists  of  the  union  of  two  bones,  of 

a  form  as  to  permit  the  necessary  motion :  but  they 

Demonstration  de  f  Existence  de  Dieu,  par  F€n€loiu 
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are  not  in  contact :  each  articulating  surface 
with  cartilage,  to  prevent  the  jar  which  * 
from  the  contact  of  the  bones.  This  cardial 
and  the  celebrated  Dr.  Hunter  discovered  tt 
tictty  was  in  consequence  of  a  number  of  fttam 
compacted,  and  extending  from  the  surface  < 
so  that  each  filament  is  perpendicular  to  t! 
made  upon  it  The  surface  of  the  articulath 
is  perfectly  smooth,  and  is  lubricated  by  a 
mmouia,  signifying  a  mucilage,  a  viscous  or  t 
This  is  vulgarly  called  jomt-ot/,  but  it  has  i 
of  oH,  althomgh  it  is  better  calculated  thai 
lubricate  the  interior  of  the  joint. 

When  inflammation  comes  upon  a  joint, 
not  supplied,  and  die  joint  is  stiff,  and  the  su 
upon  one  another  like  a  hinge  without  oil. 
membrane  extends  from  bone  to  bone,  co 
lubricating  fluid,  and  forming  the  boundar) 
termed  the  cavity  of  the  joint,  although,  in  f 
no  unoccupied  space.    External  to  this  cap 
joint  there  are  strong  ligaments  going  from  p 
•  of  the  bones,  and  so  ordered  as  to  bind  tn< 
without  preventing  their  proper  motions, 
description  of  a  single  joint,  we  can  easily  co 
a  spring  or  elasticity  is  given  to  the  foot,  wl 
six  bones  are  jointed  together. 

An  elegant  author  has  this  very  natural  rei 
joints: — "In  considering  the  joints,  there 
perhaps,  which  ought  to  move  our  gratitude 
the  reflection,  how  well  they  wear,    A  limb 
upon  its  hinge,  or  play  in  its  socket,  many  hu 
in  an  hour,  for  sixty  years  together,  without 
of  its  agility,  which  is  a  long  time  for  anytl 
for  anything  so  much  worked  and  exercised 
are.     This  durability  I  should  attribute,  in 
provision  which  is  made  for  the  preventing 
tear :  first,  by  the  polish  of  cartilaginous  si 
condly,  by  the  healing  lubrication  of  the  mu< 

*  Fxcmcup«ala,*Yft^ castor  box 
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0  that  astonishing1  property  of  animal  constitu- 
iimilation,  by  which,  in   every  portion  of  the 

it  consist  of  what  it  will,  substance  is  restored 
i  repaired." — Paley. 

ingenious  author's  mind  had  been  professionally 
contemplate  this  subject,  he  would  have  found 
x  plana tion.  There  is  no  resemblance  betwixt 
isions  against  the  wear  and  tear  of  machinery 
»  for  the  preservation  of  a  living  part.     As  the 

of  the  parts  is  originally  perfected  by  the 

the  vessels,  the  function  or  operation  of  the 
ade  the  stimulus  to  those  vessels.  The  cuticle 
mds  wears  away  like  a  glove ;  but  the  pressure 
3  the  living  surface  to  force  successive  layers  of 
2T  that  which  is  wearing,  or,  as  the  anatomists 
lesquamating ;  by  which  they  mean,  that  the 
oes  not  change  at  once,  but  comes  off  in 
or  scales.  The  teeth  are  subject  to  pressure 
ng  or  masticating,  and  they  would,  by  this 
ave  been  driven  deeper  in  the  jaw,  and  ren- 
eless,  had  there  not  been  a  provision  against 
hanical  effect.     This  provision  is  a  disposition 

or  rather  to  shoot  out  of  their  sockets ;  and 
)sition  to  project,  balances  the  pressure  which 
ain ;  and  when  one  tooth  is  lost,  its  opposite 

1  is  in  danger  of  being  lost  also,  for  want  of 
opposition. 

iost  obvious  proof  of  contrivance  is  the  junction 
>ot  to  the  bones  of  the  leg  at  the  ankle  joint, 
bones  of  the  leg,  called  the  tibia  and  the  JUmlaf 
le  great  articulating  bone  of  the  foot  (the  astra- 
etwixt  them.  And  the  extremities  of  these 
the  leg  project  so  as  to  form  the  outer  and 
tie.  Now,  when  we  step  forward,  and  whilst 
is  raised,  it  rolls  easily  upon  the  ends  of  these 
•  that  the  toe  may  be  directed  according  to  the 
ies  of  the  ground  we  are  to  tread  upon ;  but 
s  foot  is  planted,  and  the  body  is  carried  forward 
cularly  over  the  foot,  the  joint  of  the  leg  and 
>mes  fixed,  and  we  have  a  steady  base  to  raX 


198  ANIMAL  MECHAmoa. 

upon.  We  next  observe,  that,  in  walking,  the  hei 
first  touches  the  ground.  If  the  bones  of  the  leg  foe 
perpendicular  over  the  part  which  first  touches  1j» 
ground,  we  should  come  down  with  a  sudden  jolt,  i> 
stead  of  which  we  descend  in  a  semicircle,  the  centre  rf 
which  is  the  point  of  the  heel. 


And  when  the  toes  hare  come  to  the  ground  ire  «• 
far  from  losing  the  advantages  of  the  structure  of  the 
foot,  since  we  stand  upon  an  elastic  arch,  the  hinder* 
tremity  of  which  is  the  heel,  and  the  anterior  the  btl 
of  the  toes.     A  finely  formed  foot  should  be  high* 
the  instep.     The  walk  of  opera  dancers  is  neither  b# 
ral  nor  beautiful ;   but  the  surprising   exercises  whkh 
they  perform  give  to  the  joints  of  the  foot  a  freedom* 
motion  almost  like  that  of  the  hand.     We  have  seen  thi 
dancers,  in  their  morning   exercises,  stand  for  tweetj 
minutes  on  the  extremities  of  their  toes,  after  which  tfit 
effort  is  to  bend  the  inner  ankle  down  to  the  floor,  * 
preparation  for  the   Bolero  step.     By  such  unnatnm 
postures  and  exercises  the  foot  is  made  unfit  for  walkinfj 
as  may  be  observed  in  any  of  the  retired  dancers  and  eM 
Jigurantes.     By  standing  so  much  upon  the  toes,  tit 
human  foot  is  converted  to  something  more  resemblng 
that  of  a  quadruped,  where  the  heel  never  reaches  the 
ground,  and  where  the  paw  is  nothing  more  than  the 
phalanges  of  the  toes. 

This  arch  of  the  foot,  from  the  heel  to  the  toe,  h0 
the  astragalus  (a)  resembling  the  keystone  of  an  arch; 
hut,  instead  of  being  fee&,^  Y&raaaury^  it  plays  freefr 


!•; 
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wist  two  bones,  and  from  these  two  bones,  b  and  c, 
rong  elastic  ligament  is  extended,  on  which  the  bone 
rests,  sinking  or  rising  as  the  weight  of  the  body 
ps  upon  it,  or  is  taken  otf,  and  this  it  is  enabled  to  do 
the  action  of  the  ligament  which  runs  under  it 


'his  is  the  same  elastic  ligament  which  runs  exten- 
ly  along  the  back  of  the  horse's  hind  leg  and  foot, 
gives  the  fine  spring  to  it,  but  which  is  sometimes 
ured  by  the  exertion  of  the  animal  in  a  leap,  pro- 
ng irrecoverable  lameness. 

laving  understood  that  the  arch  of  the  foot  is  per- 
from  the  heel  to  the  toe,  we  have  next  to  observe, 
there  is  an  arch  from  side  to  side ;  for  when  a 
sverse  section  is  made  of  the  bones  of  the  foot,  the 
ased  surface  presents  a  perfect  arch  of  wedges,  re- 
Lrly  formed  like  the  stones  of  an  arch  in  masonry. 
re  look  down  upon  the  bones  of  the  foot,  we  shall  see 

•  they  form  a  complete  circle  horizontally,  leaving  a 
Je  in  their  centre.  These  bones  thus  form  three  dif- 
snt  arches— forward,  across,  and  horizontally:  they 
Wedged  together,  and  bound  by  ligaments,  and  this 
rhat  we  alluded  to  when  we  said  that  the  foundations 
the  Eddystone  were  not  laid  on  a  better  principle ; 
i  our  admiration  is  more  excited  in  observing,  that  the 
les  of  the  foot  are  not  only  wedged  together,  like  the 
rses  of  stone  for  resistance,  but  that  solidity  is  corn- 
ed with  elasticity  and  lightness. 
Notwithstanding  the  mobility  of  the  foot  in  some  po- 
ms, yet  when  the  weight  of  the  body  bears  directly 

*  it,  it  becomes  immoveable,  and  the  bones  of  the  leg 
t  be  fractured  beiore  the  foot  yields. 

7c  shall  proceed  to  explain  how  the  Vnee-Vfrat  «&& 
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hip-joint,  independently  or  the  exertion  oF  muscle 
come  firm  in  the  standing  position,  and  when  st 
but,  before  we  enter  upon  this,  let  us  undenrtin 
much  talked-of  demonstration  of  Borelli,  whoexpl 
the  manner  in  which  a  bird  sits  upon  a  branch 
asleep — the  weight  of  the  creature,  and  the  conse 
flexion  of  the  limbs,  drawing  the  tendons  of  the  I 
so  as  to  make  them  grasp  the  branch  without  mil 
effort. 


The  muscle  a  passing  orer  the  joint  at  b,  and  the 
ceeding  to  the  back  of  the  leg,  and  behind  the  j( 
c,  and  so  descending  behind  the  foot  at  d,  it  eile 
the  talons;  and  the  weight  of  the  bird,  bending  th 
B  and  c,  produces  the  effect  of  muscular  effort,  and 
the  claws  cling. 

But  why  should  the  anatomist  have  recourse  I 
piece  of  comparative  anatomy,  when  he  has  so  ( 
example  in  the  human  body  V  And  one  which  i* 
mora   interesfing,  as,  Yn.  W*.,  is.  i»  the  foundtii 
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toning  upon  the  diseases  and  accidents  of  the  limb. 
Jris  beautiful  arrangement  in  the  healthy  and  perfect 
cture  of  a  man's  limb  be  not  attended  to,  it  would  be 
r  to  prove  that  many-  important  circumstances,  in  re- 
l  to  disease  and  accidents,  must  remain  obscure. 
'he  posture  of  a  soldier  under  arms,  when  his  heels 
close  together,  and  his  knees  straight,  is  a  condition 
>ainful  restraint.  Observe,  then,  the  change  in  the 
y  and  limbs,  when  he  is  ordered  to  stand  at  ease ; 
firelock  falls  against  his  relaxed  arms,  the  right  knee 
irown  out,  and  the.  tension  of  the  ankle  joint  of  the 
e  leg  is  relieved,  whilst  he  loses  an  inch  and  a  half 
lis  height,  and  sinks  down  upon  his  left  hip.  This 
iniand  to  "stand  at  ease  "  has  a  higher  authority  than 

general  orders.  It  is  a  natural  relaxation  of  all  the 
teles ;  which  are,  consequently,  relieved  from  a  pain- 
state  of  exertion  :  and  the  weight  of  the  body  bears 
ipon  the  lower  extremity,  as  to  support  the  joints 
ipendently  of  muscular  effort.     The  advantage   of 

will  be  understood,  when  we  consider  that  all  mus- 
ir  effort  is  made  at  the  expense  of  a  living  power, 
ch,  if  excessive,  will  exhaust  and  weary  a  man,  whilst 

position  of  rest  which  we  are  describing  is  without 
it,  and  therefore  gives  perfect  relief.  And  it  is  this 
ich  makes  boys  and  girls,  who  are  out  of  health  and 
£uid,  lounge  too  much  in  the  position  of  relief,  front 
ance  comes  permanent  distortion. 
Che  following  figure  represents  the  bones  of  the  leg. 
C*he  plumb-line  shows  the  direction  of  the  gravitation 
the  Dody  falling  behind  the  head  of  the  thighbone. 
ty,  if  it  be  understood  that  the  motions  of  the  trunk 

performed  on  the  centre  of  the  head  of  the  thigh- 
ie,  it  must  follow  that  the  weight  of  the  body  in  the 
Action  of  the  plumb-line  must  raise  the  comer  of  the 
Uich-bone,  at  a.  From  this  corner  of  the  bone,  a 
ad  and  strong  band  runs  down  to  the  knee-pan,  u,  in 

direction  of  the  dotted  line.  The  powerful  muscles 
ich  extend  the  leg  are  attached  to  the  knee-pan,  and 
3ugh  the  ligament  at  c,  operate  on  the  bones  of  the 
i  stretching  them,  and  preventing  the  ftexAon  o£  \\\» 


joint;  but,  in  the  absence  of  the  activity  of 
muscles,  the  band  reaching  from  a  to  n,  drawn, 
have  said,  by  the  weight  of  the  body,  is  equivnlc 
the  exertion  of  the  muscles,  braces  the  knee-join' 
extends  the  leg ;  and  we  have  before  seen  that  tt 
tension  of  the  leg  fixes  the  ankle-joint.  Thus  the 
is  made  a  £rm  pillar  under  the  weight  of  the  bod)', 
out  muscular  effort. 

When  the  human  figure  is  left  to  its  natural  mlti 
we  see  a  variety  and  contrast  in  the  position  of  the 
and  limbs. 

This  position  of  the  body  resting  on  the  lower 


ties  throws  the  trunk  into  an  elegant  line,  and  place* 
:  limbs  in  beautiful  contrast,  as  we  see  in  all  the  best 
icimens  of  sculpture.  (See  below.) 
Now  that  we  bave understood  that  the  lower  extremity 
comes  in  some  positions  a  firm  pillar,  it  is  the  more 
cessary  to  observe  the  particular  form  of  the  head  of 
!  thigh-bone.     (See  next  page.) 

It  is  here  seen  that  the  bead  of  the  bone  a  stands  off 
m  the  shaft  by  the  whole  length  of  the  neck  of  the 
ne  b;  the  effect  of  this  is,  that  as  the  powerful 
isclea  are  attached  to  the  knobs  of  bone  c  d,  they  turn 
;  thigh-bone  round  in  walking  with  much  greater 
wer  than  if  the  he.'d  of  the  bone  were  on  a  line  with 
s  shaft.     They,  in  fact,  acquire  a  lever  power,  by  the 
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distance  of  r>  from  a  ;  as,  during  the  action  of  thei 
muscles,  the  limb  is  stiff,  the  rolling  of  the  thigh  dire" 
the  toe:  outwards  in  walking. 

When  the  weight  of  the  body  is  perpendicularly  otr 
the  hall  of  the  great  toe,  the  whole  body  is  twisted  round 
on  that  point  as  on  a  pivot.  This  rolling  of  the  body  « 
the  ball  of  the  too,  and  consequent  turning  out  of  tlw 
tin's  isi  stepping  forward,  is  necessary  to  the  freedom  rod 
elasticity  of  the  motion.  The  form  of  all  the  hooesol 
the  lop,  and  the  direction  of  all  the  muscles  of  the  tKisk 
and  l«jT,  combine  to  this  effect.  So  tar  is  it  from  \x-Bg 
true,  as  painters  uti'ect  to  say,  that  the  turning  out  of  the 
toes  is  the  result  of  the  lessons  of  the  dancing-master. 

A  certain  squareness  in  the  position  of  the  feet  is  cat- 
silent  with  strength,  as  we  see  in  the  statues  of  tk* 
Hercules,  &c. ;  but  the  lightness  of  a  Mercury  is  indi- 
cated by  the  direction  of  too  loea  outwards.  In  woroea, 
there  would  be  a  defect  Swmliie'Orai&.SV^iv'W^l.'* 
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and  a  rolling  and  an  awkward  gait  would  be  the  conse- 

gucncc ;  but  in  them  the  foot  is  more  turned  out,  and  a 
ght,  elastic  step  balances  the  defect  arising  from  the 
form  of  tbc  pelvis.  Any  one  may  be  convinced  of  tbis 
by  observing  people  who  walk  awkwardly,  especially  if 
they  walk  unequally.  Look  at  their  feet,  and  you  will 
Bee  that  one  foot  goes  straight  forward,  whilst  the  other 
is  turned  outwards,  and  that  when  tl 
straight  foot,  they  com 
spring  from  it. 


en  they  come  upon  the 
,'kwardly,  and  have  no 


Then  is  another 


t  first  look  to  the  dishing  of  a  wheel— the  dishing  is 

*  tlie  oblique   position  of  the  spokes  from  the  nave  to  the 

*  felly,  tfWing  the  wheel  a  slightly  conical  form,    ""NV™ 

*  ■  cart  H  in  the  noddle  of  a  road,  the  loai'Viwtre  eopn&i 
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upon  both  wheels,  and  both  wheels  stand  with  their 
spokes  oblique  to  the  line  of  gravitation. 

If  the  cart  is  moving  on  the  side  of  a  barrel-shaped 
road,  or  if  one  wheel  fells  into  a  rut,  the  whole  weight 
comes  upon  one  wheel :  but  the  spokes  of  that  wheel, 
which  were  oblique  to  the  load  when  it  supported  oalf  J 
one- half  of  the  weight,  are  now  perpendicular  under  tttj 
pressure,  and  are  capable  of  sustaining  the  whole.   Ill 
roads  were  made  perfectly  level,  and  had  no  holes  a 
them,  the  wheels  of  carts  might  be  made  without  dishing 
but  if  a  cart  is  calculated  for  a  country  road,  let  w  fg 
wheelwright  consider  what  equivalent  he  has  to  giw  fij  t 
that  very  pretty  result  proceeding  from  the  obliquity*  if 
the  spokes,  or  dishing  of  the  wheel.  * : 

When  we  return  to  consider  the  human  thigh-boa^  »,; 
we  see  that  the  same  principle  holds ;  that  is  to  say,  nj  fa 
whilst  a  man  stands  on  both  his  legs,  the  necks  of  ttt  r( 
thigh-bones  are  oblique  to  the  line  of  gravitation  of  m  * 
body ;  but  when  one  foot  is  raised,  the  whole  body  tha  *i 
being  balanced  on  one  foot,  a  change  takes  place  in  t*  * 
position  of  the  thigh-bone,  and  the  obliquity  of  that  be*  fc 
is  diminished  ;  or,  in  other  words,  now  that  it  has  tkjh; 
whole  weight  to  sustain,  it  is  perpendicular  under  it,  tpfo 
has  therefore  acquired  greater  strength.     (See  below.) 
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CHAPTER  V. 

OF  THE  TENDONS  COMPARED  WITH  COBDAGE. 


nature  has  provided  a  perfect  system  of  columns, 
and  levers,  and  pullies,  we  may  anticipate  that  the  cords 
by  which  the  force  of  the  muscles  is  concentrated  on  the 
moveable  bones  must  be  constructed  with  as  curious  a 
provision  for  their  offices.  In  this  surmise  we  shall  not 
be  disappointed. 

To  understand  what  is  necessary  to  the  strength  of  a 
Tope  or  cable  we  must  learn  what  has  been  the  object  of 
the  improvements  and  patents  in  this  manufacture.     The 
first  process  in  rope-making,  is  hatchelling  the  hemp ; 
tkat  is,  combing  out  the  short  fibres,  and  placing  the 
long  ones  parallel  to  one  another.  *  The  second  is,  spin- 
ning the  hemp  into  yarns.      And   here  the   principle 
must  be  attended  to,  which  goes  through  the  whole  pro- 
gress in  forming  a  cable ;  which  is  that  the  fibres  of  the 
hemp  shall  bear  an  equal  strain :  and  the  difficulty  may 
oe  easily  conceived,  since  the  twisting  must  derange  the 
'parallel   position  of  the  fibres.     Each  fibre,  as   it  is 
"twisted,  ties  the  other  fibres  together,  so  as  lo  form  a 
-continued  line,  and  it  bears  at  the  same  time  a  certain 
portion  of  the  strain,  and  so  each  fibre  alternately.     The 
"third  step  of  the  process  is  making  the  yarns.     Warping 
"the  yarns,  is  stretching  them  to  a  certain  length ;  and 
for  the  same  reason  that  so  much  attention  has  been 
paid  to  the  arrangement  of  the  fibres  for  the  yams,  the 
same  care  is  taken  in  the  management  of  the  yarns  for 
the  strands.     The  fourth  step  of  the  process  is  to  form 
the  strands  into  ropes.     The  difficulty  of  the  art   has 
been  to  make  them  bear  alike,  especially  in  great  cables, 
and  this  has  been  the  object  of  patent  machinery .    '^\t& 
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hardening,  by  twisting,  is  also  an  essential  part  of  the 
process  of  rope-making ;  for  without  this,  it  would  be 
little  better  than  extended  parallel  fibres  of  hemp.    In 
this  twisting,  first  of  the  yarns,  and  then  of  the  strandi, 
those  which  are  on  the  outer  surface  must  be  mora 
stretched  than  those  near  the  centre ;  consequently,  when 
there  is  a  strain  upon  the  rope,  the  outer  fibres  will  break 
first,  and  the  others  in  succession.     It  is  to  avoid  this, 
that  each  yarn  and  each  strand,  as  it  is  twisted  or  hard- 
ened, shall  be  itself  revolving,  so  that  when  drawn  into 
the  cable,  the  whole  component  parts  may,  as  nearly  as 
possible,  resist  the  strain  in  an  equal  degree ;    but  the 
process  is  not  ]>erfect,  and  this  we  must  conclude  from 
observing  how  different  the  construction  of  a  tendon  is 
from  that  of  a  rope.     A  tendon  consists  of  a  strong  cord, 
apparently  fibrous ;  but  which,  by  the  art  of  the  ana- 
tomist, may  be  separated  into  lesser  cords,  and  these,  by 
maceration,  can  be  shown  to  consist  of  cellular  mem- 
brane, the  common  tissue  that  gives  firmness  to  all  the 
textures  of  the  animal  body.     The  peculiarity  here  re- 
sults merely  from  its  remarkable  condensation.     But  the 
cords  of  which  the  larger  tendon  consists  do  not  lie 
parallel  to  each  other,  nor  are  they  simply  twisted  like 
the  strands  of  a  rope  ;  they  are,  on  the  contrary,  plaited 
or  interwoven  together. 

If  the  strong  tendon  of  the  heel,  or  Achilles  tendon, 
be  taken  as  an  example,  on  first  inspection  it  appears 
to  consist  of  parallel  fibres,  but  by  maceration  these 
fibres  are  found  to  be  a  web  of  twisted  cellular  texture. 
If  you  take  your  handkerchief,  and  slightly  twisting  it, 
draw  it  out  like  a  rope,  it  will  seem  to  consist  of  parallel 
cords ;  such  is,  in  fact,  so  far  the  structure  of  a  tendoo. 
But,  as  we  have  stated,  there  is  something  more  admi- 
rable than  this,  for  the  tendon  consists  of  subdivisions, 
which  are  like  the  strands  of  a  rope ;  but  instead  <rf 
being  twisted  simply  as  by  the  process  of  hardening, 
they  are  plaited  or  interwoven  in  a  way  that  could  not 
be  imitated  in  cordage  by  the  turning  of  a  wheel.  Here 
then  is  the  difference, — by  the  twisting  of  a  rope,  the 
strands  cannot  resist  the  vtorooa.  ^s^ally^  whilst  we  see 
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that  this  is  provided  for  in  the  tendon  by  the  regular 
interweaving  of  the  yarn,  if  we  may  so  express  it,  so 
that  every  hbre  deviates  from  the  parallel  line  in  the 
same  degree,  and,  consequently,  receives  the  same  strain 
when  the  tendon  is  pulled.  If  we  seek  for  examples 
illustrative  of  this  structure  of  the  tendons,  we  must 
turn  to  the  subject  of  ship-rigging,  and  see  there  how 
the  seaman  contrives,  by  undoing  the  strands  and  yarns 
of  a  rope,  and  twisting  them  anew,  to  make  his  splicing 
stronger  than  the  original  cordage.  A  sailor  opens  the 
ends  of  two  ropes  thus  ;*  and  places  the  strand  of  one 


opposite  and  between  the  strand  of  another,  and  so  in- 
terlaces them.  And  this  explains  why  a  hawser-rope,  a 
sort  of  small  cable,  is  spun  of  three  strands  ;  for  as  they 
are  necessary  for  many  operations  in  the  rigging  of  a 
ship,  they  must  be  formed  in  a  way  that  admits  of  being 
cut  and  spliced,  for  the  separation  of  three  strands,  at 
least,  is  necessary  for  knotting,  splicing,  whipping,  mail- 

*  A,  Strands  and  Yarns  opened. 

B,  Ends  opened  and  laid  for  splicing,  in  a  manner 
exactly  like  the  interlacing  of  the  tendon. 
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rag,  &c,  which  are  a  few  of  the  many  curious  contriv- 
ances  for  joining  the  ends  of  ropes,  and  for  strengthening 
them  by  filling  up  the  interstices  to  preserve  them  from 
being  cut  or  frayed.  As  these  methods  of  splicing  and 
plaiting  in  the  subdivisions  of  the  rope  make  an  inter- 
texture  stronger  than  the  original  rope,  it  is  an  additional 
demonstration,  if  any  were  wanted,  to  show  the  perfec- 
tion of  the  cordage  of  an  animal  machine,  since  the  ten- 
dons are  so  interwoven ;  and  until  the  yarns  of  one 
strand  be  separated  and  interwoven  with  the  yarns  of 
another  strand,  and  this  done  with  regular  exchange,  the 
most  approved  patent  ropes  must  be  inferior  to  the  cor- 
responding part  of  the  animal  machinery. 

A  piece  of  cord  of  a  new  patent  has  been  shown  to 
us,  which  is  said  to  be  many  times  stronger  than  any 
other  cord  of  the  same  diameter.  It  is  so  far  upon  the 
principle  here  stated,  that  the  strands  are  plaited  instead 
of  being  twisted ;  but  the  tendon  has  still  its  superiority, 
for  the  lesser  yarns  of  each  strand  in  it  are  interwoven 
with  those  of  other  strands.  It,  however,  gratifies  us  to 
see,  that  the  principle  we  draw  from  the  animal  body  b 
here  confirmed.  It  may  be  asked,  do  not  the  tendons 
of  the  human  body  sometimes  break  ?  They  do ;  but 
in  circumstances  which  only  add  to  the  interest  of  the 
subject.  By  the  exercise  of  the  tendons,  (and  their  ex- 
ercise is  the  act  of  being  pulled  upon  by  the  muscles, 
or  having  a  strain  made  on  them,)  they  become  firmer 
and  stronger ;  but  in  the  failure  of  muscular  activity, 
they  become  less  capable  of  resisting  the  tug  made  iij>on 
them,  and  if,  after  a  long  confinement,  a  man  has  some 
powerful  excitement  to  muscular  exertion,  then  the  ten- 
don breaks.  An  old  gentleman,  whose  habits  have  been 
long  staid  and  sedentary,  and  who  is  very  guarded  in  his 
walk,  is  upon  an  annual  festival  tempted  to  join  the  yooncr 
people  in  a  dance ;  then  he  breaks  his  tendo  Achillis. 
Or  a  sick  person,  long  confined  to  bed,  is,  on  rising 
subject  to  a  rupture  or  hernia,  because  the  tendinous  ex- 
pansions guarding  against  protrusion  of  the  internal 
parts  have  become  weak  from  disuse. 
Such  circumstance*  Temv&&  \»  ta&  hi^.  ^sa  sneaking  of 
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a  living  body,  and  that,  in  estimating  the  properties  of 
the  machinery,  we  ought  not  to  forget  the  influence  of 
life,  and  that  the  natural  exercise  of  the  parts,  whether 
they  be  active  or  passive,  is  the  stimulus  to  the  circula- 
tion through  them,  and  to  their  growth  and  perfection. 
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CHAPTER  VI. 

OF  THE  MUSCLES— OF  MUSCULARITY  AND  ELA8TICITT. 

These  are  two  powers  of  contraction  in  the  animl 
frame — elasticity,  which  is  common  to  living  and  ded 
matter,  and  the  muscular  power,  which  is  a  property  rf 
the  living  fibre. 

The  muscles  are  the  only  organs  which  properly  but 
the  power  of  contraction,  for  elasticity  is  never  exertrf 
but  m  consequence  of  some  other  power  bending  ff 
stretching  the  elastic  body.  In  the  muscles,  on  the  co*  '; 
trary,  motion  originates ;  there  being  no  connexion,  • 
mechanical  principles,  betwixt  the  exciting  cause  fll 
the  power  brought  into  action. 

The  real  power  is  in  the  muscles,  while  the  safeguaj 
against  the  excess  of  that  power  is  in  the  elasticity  4 
the  parts.  This  is  obvious  in  the  limbs  and  genefll 
texture  of  the  frame ;  but  it  is  most  perfectly  exhibit* 
in  the  organs  of  circulation.  If  the  action  of  the  befit 
impelled  the  blood  against  parts  of  solid  texture,  thej 
would  quickly  yield.  When,  by  accident,  this  does 
take  place,  even  the  solid  bone  is  very  soon  destroyed. 
But  the  coats  of  the  artery  which  receive  the  rush  rf 
blood  from  the  heart,  although  thin,  are  limber  a» 
clastic ;  and  by  this  elasticity  or  yielding  they  take  rf 
or  subdue  the  shock  of  the  heart's  action,  while  no  f«* 
is  lost ;  for  as  the  elastic  artery  has  yielded  to  the  sd* 
den  impulse  of  the  heart,  it  contracts  by  elasticity  in  til 
interval  of  the  heart's  pulsation ;  and  the  blood  continu* 
to  be  propelled  onwara  in  the  course  of  the  circulatioij 
without  interval,  though  regularly  accelerated  by  tfe 
pulse  of  the  heart. 

If  a  steam-engine  ^ere  used  to  force  water  along  tfe 
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ter-pipes,  without  the  intervention  of  some  elastic 
iy,  the  water  would  not  flow  continuously,  but  in 
ks,  and,  therefore,  a  reservoir  is  constructed  con  tain- 
s' air,  into  which  the  water  is  forced,  against  the  elas- 
ity  of  the  air.  Thus,  each  stroke  of  the  piston  is  not 
rceptibly  communicated  to  the  conduit-pipe,  because 
5  intervals  are  supplied  by  the  push  of  the  compressed 
.  The  office  of  the  reservoir,  containing  air  is  per- 
med in  the  animal  body  by  the  elasticity  of  the  coats 
the  arteries,  by  which  means  the  blood  which  flows 
erruptedly  into  the  arteries  has  a  continuous  and  unin- 
rupted  flow  in  the  veins  beyond  them. 
A  muscle  is  fibrous,  that  is,  it  consists  of  minute 
"eads  bundled  together,  the  extremities  of  which  are 
inected  with  the  tendons  which  have  been  described, 
numerable  fibres  are  thus  joined  together  to  form  one 
scle,  and  every  muscle  is  a  distinct  organ.  Of  these 
tinct  muscles  for  the  motions  of  the  body  there  are 
:  less  than  436  in  the  human  frame,  independent  of 
►se  which  perform  the  internal  vital  motions.  The 
itractile  power  which  is  in  the  living  muscular  fibre, 
*sents  appearances  which,  though  familiar,  are  really 
?  most  surprising  of  all  the  properties  of  life.  Many 
impts  have  been  made  to  explain  this  property,  some- 
ies  by  chemical  experiment,  sometimes  on  mechanical 
ticiples,  but  always  in  a  manner  repugnant  to  common 
se.  We  must  be  satisfied  with  saying,  that  it  is  an 
lowment,  the  cause  of  which  it  would  be  as  vain  to 
estigate  as  to  resume  the  search  into  the  cause  of 
vitation. 

Che  ignorance  of  the  cause  of  muscular  contraction 
^s  not  prevent  us  from  studying  the  laws  which  rcgu- 
*  it,  and  under  this  head  are  included  subjects  of  the 
Xiest  interest;  which,  however,  we  must  leave,  to 
"sue  the  mechanical  arrangement  of  the  muscles. 
Since  we  have  seen  that  there  are  436  distinct  muscles 
-he  body,  it  is  due  to  our  readers  to  explain  how  they 
associated  to  effect  that  combination  which  is  neces- 
y  to  the  motion  of  the  limbs  and  to  our  perfect  enjoy- 
Ht.     In  the  first  place,  the  million  o?  fibtfes,  \n\£\<2*\ 
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constitute  a  single  muscle,  are  connected  by* 
nerves,  which  produce  a  union  or  sympathy 
them,  so  that  one  impulse  causes  a  simultaneous  enurtef 
all  the  fibres  attached  to  the  same  tendon.  When  we 
have  understood  that  the  muscles  are  distinct  ormsef 
motion,  we  perceive  that  they  must  be  ctsneod  ana  tss> 
ciated  in  order  that  many  shall  combine  in  one  act;  ant 
that  others,  their  opponents,  shall  be  pot  in  a  state  u> 
relax,  and  offer  no  opposition*  to  those  which  are  acthe, 
These  relations  can  only  be  established  through  nsrasi, 
which  are  the  organs  of  communication  with  the  ban, 

The  nerves   convey  the  will  to  tat 


or  sensonum. 

muscles,  and  at  the  same  time  they  dam  and  antes* 
them  so  as  to  make  them  consent  to  the  motions  of  tot 
body  and  limbs. 

On  first  looking  to  the  manner  in  which  the 
are  fixed  into  the  bones,  and  the  course 
we  observe  everywhere  the  appearance  of  a  sauinm  at 
mechanical  power,  the  tendon  being  inserted  into  an 
bone  in  such  a  manner  as  to  lose  the  advantage  of  tbs 
lever.  This  appears  to  be  an  imperfection,  until  wt 
learn  that  there  is  an  accumulation  of  vital  power  in  tat 
muscle  in  order  to  attain  velocity  of  movement  in  tat 
member. 


The  muscle  d,  which  bends  the  fore-arm,  is  i 
into  the  radius  s,  so  near  the  fulcrum,  or  centre  sf  j 
motion  in  the  elbcw  yniit,  %n<l  «&  oblique  that  it 
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raise  the  hand  and  fore-aim  with  disadvantage.  But, 
correctly  speaking,  the  power  of  the  muscle  is  not  sacri- 
ficed, since  it  gains  more  than  an  equivalent  in  the  rapid 
and  lively  motions  of  the  hand  and  fingers,  and  since 
these  rapid  motions  are  necessary  to  us  in  a  thousand 
familiar  actions;    and  to  attain  this,  the  Creator  has 

S'ven  sufficient  vital  power  to  the  muscles  to  admit  of 
e  sacrifice  of  the  mechanical  or  lever  power,  and  so  to 
provide  for  every  degree  and  variety  of  motion  which 
may  answer  to  the  capacities  of  the  mind. 

If  we  represent  the  bones  and  muscles  of  the  fore-arm 
by  this  diagram,  we  shall  see  that  power  is  lost  by  the 
inclination  of  the  tendon  to  the  lever,  into  which  it  is  in- 
serted. It  represents  the  lever  of  the  third  kind,  where 
the  moving  power  operates  on  a  point  nearer  the  fulcrum 
than  the  weight  to  be  moved. 

Here  A  represents  the  muscle,  b  the  lever,  and  c  the 
fidcrum.  The  power  of  the  muscle  is  not  represented  by 
the  distance  of  its  insertion  a,  from  the  fulcrum  c.     The 


a  ...-•; 


line  which  truly  represents  the  lever  must  pass  from  the 
centre  of  motion,  perpendicularly  to  the  line  of*  the 
tendon,  viz.,  c,  b.  Here,  again,  by  the  direction  of  the 
tendon,  as  well  as  by  its  actual  attachment  to  the  bone, 
power  is  lost  and  velocity  gained. 

We  may  compare  the  muscular  power  to  the  weight 
which  impels  a  machine.  In  studying  machinery,  it  is 
manifest  that  weight  and  velocity  are  equivalent.  The 
handle  of  the  winch  in  a  crane  is  a  lever,  and  the  space 
through  which  it  moves,  in  comparison  with  the  slow 
motion  of  the  weight,  is  the  measure  of  \ta  \kswc.    ~\*1 
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the  weight,  raised  by  the  crane,  be  permitted  to  go  down, 
the  wheels  revolve,  and  the  handle  moves  with  the  velo- 
city of  a  cannon-ball,  and  will  be  as  destructive  if  it  hit 
the  workman.  The  weight  here  is  the  power,  bat  it 
operates  with  so  much  disadvantage,  that  the  hand  upoo 
the  handle  of  the  winch  can  stop  it :  but  give  it  way,  let 
the  accelerated  motion  take  place,  and  the  hand  would  be 
shattered  which  touched  it.  Just  so  the  fly-wheel,  moving 
at  first  slowly,  and  an  impediment  to  the  working  of  a 
machine,  at  length  acquires  momentum,  so  as  to  concen- 
trate the  power  of  the  machine,  and  enable  it  to  cut  bn 
of  iron  with  a  stroke. 

The  principle  holds  in  the  animal  machinery.  The 
elbow  is  bent  with  a  certain  loss  of  mechanical  power; 
but  by  that  very  means,  when  the  loss  is  supplied  by  fk 
living  muscular  power,  the  hand  descends  through  I 
greater  space,  moves  quicker,  with  a  velocity  whii 
enables  us  to  strike  or  to  cut.  Without  this  acqubei 
velocity,  we  could  not  drive  a  nail :  the  mere  mused* 
power  would  be  insufficient  for  many  actions  quite  nectfr 
sary  to  our  existence. 


I 


jy 


Let  us  take  some  examples  to  show  what  objects  «• 

attained  through  the  oblique  direction  of  the  fibres  of  the 

e,  and  we  shall  see  that  here,  as  well  as  bytht 

of  attachment  of  the  entire  muscle,  velocity  is  aV 

by  the  sacrifice  of  power.     Suppose  these  tit 

of  wood  to  be  drawn  together  by  means  of  * 

ut  that  the,  Yiuui.  ^"VasSa.  \k^*i  ^Mboufch  p* 


MUSCLES MTSCTLAHITT  AXD  ELASTICITY.     217 

sessing  abundant  strength,  wants  room  to  recede  more 
than  what  is  equal  to  one  third  of  the  space  betwixt  the 
pieces  of  wood ;  it  is  quite  clear,  that  if  the  hand  were 
to  draw  direct  on  the  cord  a,  b,  the  point  a  would  be 
brought  towards  b,  through  one  third  only  of  the  inter- 
vening space,  and  the  end  would  not  be  accomplished. 
But  if  the  cord  were  put  over  the  ends  of  the  upper  piece, 
ct  i>,  e,  and,  consequently,  directed  obliquely  to  their 
attachment  at  a,  on  drawing  the  hand  back  a  very  little, 
but  with  more  force,  the  lower  piece  of  wood  would  be 
suddenly  drawn  up  to  the  higher  piece,  and  the  object 
attained.  Or  we  may  put  it  in  this  form  : — If  a  muscle  be 
in  the  direction  of  its  tendon,  the  motion  of  the  extremity 
of  the  tendon  will  be  the  same  with  that  of  the  muscle 
itself:  but  if  the  attachment  of  the  muscle  to  the  tendon 
be  oblique,  it  will  draw  the  tendon  through  a  greater 
space ;  and  if  the  direction  of  the  muscle  deviate  so  far 
from  die  line  of  the  tendon  as  to  be  perpendicular  to  it, 
it  will  then  be  in  a  condition  to  draw  the  tendon  through 
the  greatest  space  with  the  least  contraction  of  its  own 
length. 

Thus,  if  a,  b  be  a  tendon,  and  c,  d  a  muscle ;  by  the 
contraction  of  c  to  d  the  extremities  of  the  tendon  a,  b 


will  be  brought  together,  through  a  space  double  the  con- 
traction  of  the  muscle.  It  is  the  adjustment,  on  the  same 
principle,  which  gives  the  arrow  so  quick  an  impulse  from 
the  spring  of  the  bow,  the  extremities  of  the  bow  draw- 
ing obliquely  on  the  string. 

To  free  breathing,  it  is  necessary  that  the  ribs  shall 
approach  each  other,  and  this  is  performed  by 
tercostal  muscles  (or  muscles  playing  betwe> 
and  now  we  can  answer  the  question,  Whj 
of  these  muscles  oblique  ? 
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Let  us  suppose  this  figure  to  represent 
intervening  muscles.    If  the  fibres  of  the 
the  direction  ▲,  across,  and  perpendicular 


to  tat  i 


and  if  they  were  to  contract  one-third  of  their  la 
they  would  not  close  the  intervening  space  they  i 
not  accomplish  the  purpose.  But  being  oblique,  sj. 
although  tney  contract  no  more  than  one-third  of1 
length,  they  will  bring  the  ribs  c, x»  together.  A 
obliquity  of  the  intercostal  muscles,  they  are  eneM 
expand  the  chest  in  inspiration,  in  a  manner  wUoftu 
not  be  otherwise  accomplished. 

In  the  greater  number  of  muscles  the  same  pre* 
directs  the  arrangement  of  the  fibres ;  they  exeh 
power  for  velocity  of  movement,  by  their  obfiqi 
They  do  not  go  direct  from  origin  to  insertion, 
obliquely,  thus,  from  tendon  to  tendon  :— 


Supposing  the  point  ▲  to  be  the  fixed  peiat»ti 

fibres  draw  the  point  b  with  less  force,  but  timet 

larger  space,  or  more  quickly  than  if  they  took  1 

"""'-Re  in  direct  lines ;  and  by  this  arrangement  of 

the  freedom  and  extent  of  motion  in  our  Baas 


the  muscles  must  be  strengthened  by 
rf  fibrfl«.  ha«»nBe  they  are  oblique ;  amcebyt 

&nn£  <A  tags  tan*  *&  %a1 
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lerefore  it  is,  we  most  presume,  that  we  find  them 
ouble  row,  making  what  is  termed  the  pemtiform 
e,  that, — 


)metime8  the  texture  of  the  muscle  is  still  further 
)unded  by  the  intermixture  of  tendons,  which  permit 
onal  senes  of  fibres ;  and  all  this  for  the  obvious 
se  of  accumulating  power,  which  may  be  exchanged 
locity  of  movement. 

5  may  perceive  the  same  effect  to  result  from  the 
;  of  the  tendons,  and  their  confinement  in  sheaths, 
fthened  by  cross-straps  of  ligament  If  the 
q,  a,  took  the  shortest  course  to  its  termination  at 


rould  draw  up  the  toe  with  greater  force ;  but  then 
e  would  lose  its  velocity  of  movement.  By  taking 
rection  c,  close  to  the  joints,  the  velocity  of  motion 
ired,  and  by  this  arrangement  the  toes  possess  their 
%  and  the  fingers  their  lively  movements.  We  may 
this  opportunity  of  noticing  how  the  mechanical 
ition  is  diminished  as  the  living  nmscuW  iproes  \& 


too*-1*'1 
mce. 


^.^M  -AW*6' 

to  *c  ^o6Q»°{t   «jttwe»^  tLeto** 

wsS  --flri.  -ss?^ 

*»e   ^nstiaen1  01  "  from  t»e 
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he  animal  body,  there  is  a  perfect  relation  pre- 
betwixt  the  parts  of  the  same  organ.  The  mug- 
fibres  forming  what  is  termed  the  belly  of  the 
!,  and  the  tendon  through  which  the  muscle  pulls, 
o  parts  of  one  organ ;  and  the  condition  of  the 
i  indicates  the  state  of  the  muscle.  Thus  jockeys 
er  the  qualities  of  a  horse  by  its  sinews  or  tendons, 
nost  approved  form  in  the  leg  of  the  hunter,  or 
>y,  is  that  in  which  three  convexities  can  be  dis- 
shed, — the  bone ;  the  prominence  of  the  elastic 
nt  behind  the  bone ;  and  behind  that  the  flexor 
is,  large,  round,  and  strong.  Strong  tendons  are 
ed  for  strong  muscles,  and  the  size  of  these  indi- 
he  muscular  strength.  Such  muscles,  being  power- 
sors,  cause  high  and  round  action,  and  such  horses 
e  to  ride ;  their  feet  are  generally  preserved  good, 
to  the  pressure  they  sustain  from  their  high  action, 
bis  excellence  in  a  horse  will  not  make  him  a 
ite  at  Newmarket.  The  circular  motion  cannot  be 
wiftest;  a  blood-horse  carries  his  foot  near  the 
i.  The  speed  of  a  horse  depends  on  the  strength 
loins  and  hind  quarter ;  and  what  is  required  in  the 
jgs  is  strength  of  the  extensor  tendons,  so  that  the 
tay  be  well  thrown  out  before,  for  if  these  tendons 
t  strong,  the  joints  will  be  unable  to  sustain  the 
t  of  his  body,  when  powerfully  thrown  forward,  by 
tertion  of  his  hind-quarters,  and  he  will  be  apt  to 
with  his  nose  to  the  ground. 
i  whole  apparatus  of  bones  and  joints  being  thus 
ally  constituted  by  Nature  in  accurate  relation  to 
uscular  powers,  we  have  next  to  observe,  that  this 
itus  is  preserved  perfect  by  exercise.  The  tendons, 
eaths  in  which  they  run,  the  cross  ligaments  by 
they  are  restrained,  and  the  bursa  mucosce  * 
are  interposed  to  diminish  friction,  can  be  seen  in 
tion  only  when  the  animal  machinery  has  been  kept 

hese  bursa  mucosa  (mucous  purses)  are  sacs  containing 
eating  fluid.    They  are  interposed  wherever  there  is 
pressure  or  friction,  and  answer  all  the  purposes  of 
l- wheels  in  machinery. 
.  IV.  x> 
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in  full  activity.    In  inflammation,  and  pais,  ad 
sary  restraint,  they  become  weak ;  and-  even  i 
ment,  and  want  of  exercise,  without  disease,  wiM ; 
imperfections.    Exercise  unfolds  the  musenkr 
producing  a  full  bold  outline  of  the  limbs,  at  As 
time  that  the  joints  are  knit,  small,  and  den.  I 
loins,  thighs,  and  legs  of  a  dancer  we  see  the 
system  fully  developed ;  and  when  we  torn  oar  j 
to  his  puny  and  disproportion^  arms,  we  acta 
the  cause— that,  in  the  one  instance,  exercise  bav 
duced  perfection,  and  that,  in  the  other,  the 
has  occasioned  deformity.     Look  to  the  legs  of  i 
Irishman  travelling  to  the  harvest  with  hare  feet: 
thickness  and  roundness  of  the   calf  show  tint' 
foot  and  toes  are  free  to  permit  the  exercve  of' 
muscles  of  the  leg.    Look,  again,  to  the  leg  of  oar  1 
lish  peasant,  whose  foot  and  ankle  are  tightly  bod  I 
shoe  with  a  wooden  sole,  and  you  will  perceive,  fr"~ 
manner  in  which  he  lifts  his  legs,  that  the  W 
ankle,  foot,  and  toes  is  lost,  as  much  as  if  nM 
stilts,  and,  therefore,  are  his  legs  small  and  shapefasv 

A  Ad  this  brings  us  naturally  to  a  subject  of  so—id 
est  at  present :  we  mean  the  new  fashion  of  <nwu^f 
our  youth  in  a  manner  which  is  to  supersede  chats* 
fencing,  boxing,  rowing,  and  cricket,  and  the  natsnltaj 
pulse  of  youth  to  activity.  J 

By  this  fashion  of  training  to  what  are  tensed  M 

nasties,  children  at  school  are  to  be  urged  t»  fcelij 

strength  and  activity,  not  restrained  by  parentil  swj| 

rity,  nor  left  to  their  own  sense  of  pleasurable  eieiW 

They  are  made  to  climb,  to  throw  their  limbs  overate) 

to  press  their  foot  close  to  their  hip,  their  kneef  ckeiff 

their  stomach ;  to  hang  by  the  arms  and  raise  the.  esej 

— to  hang  by  the  feet  and  knees, — to  struggle  a|M 

each  other,  by  placing  the  soles  of  their  feet  a«JP 

>  and  to  pull  with  their  hands.    No  doubt,  if  ■■ 

*  be  persevered  in,  the  muscular  powers  wile 

^  developed.     But  the  first  question  to  be  Si 

is  the  safety  of  this  practice.    We  have  sen 

•    P  ?i,\rj  «&<&.  \raa&d^%cqpire  pjsj 
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* 

rength  and  prominence  of  muscles ;  but  by  this  unna 
inl  increase  of  muscular  power,  through  the  exercise 
i  recommended,  he  became  ruptured  on  both  sides. 
he  same  accident  has  happened  to  boys  too  suddenly 
it  on  these  efforts. 

It  is  proper  to  observe,  that  when  the  muscular  power 
thus,  we  may  say,  preternaturally  increased,  whether 

the  instance  of  a  race-horse,  an  opera-dancer,  or  a  pupil 
'  the  Calisthenic  school,  it  is  not  merely  necessary  to 
it  them  on  their  exercises  gradually  in  each  successive 
■on,  but  each  day's  exertion  must  be  preceded  by  a 
earisome  preparation.  In  the  great  schools,  like  that  at 
ockholm,  the  master  makes  the  boys  walk  in  a  circle ; 
en  run,  at  first  gently;  and  so  he  gradually  brings 
em  into  heat,  and  the  textures  of  their  frame  are  com- 
>sed  to  that  state  of  elasticity  and  equal  resistance,  as 
ell  as  to  vital  energy,  which  is  necessary  for  the  safe 
splay  of  the  greater  feats  of  strength  and  activity .  This 
ution  in  the  public  exercises  is  the  very  demonstration 

the  dangers  of  the  system.    The  boys  will  not  be 

rays  under  this  severe  control,  and  yet  it  is  important 

their  safety. 

Ve  may  learn  how  necessary  it  is  to  bring  the  animal 
em  gradually  into  action  from  the  effects  of  very  mo- 
te exercise  on  a  horse  just  out  of  the  dealer's  hands, 
purchaser  thinks  he  may  safely  drive  him  ten  miles, 
ware  that  the  horse  has  not  moved  a  mile  in  a  week, 
he  consequence  is,  inflammation  and  congestion  in 
ngs.    The  regulation  in  the  army  has  been  made  on 
wledge  of  these  facts.     When  young  horses  arc 
it  from  the  dealer  they  are  ordered  to  be  walked 
r  a-day  the  first  week,  two  hours  a-day  the  second 
three  hours  a-day  in  the  third  week.    They  are  to 
rued  by  walking,  but  they  must  not  be  sweated  in 
xrcise.     Horses  for  the  turf,  under  three  years 
training  for  the  Derby,  are  brought  very  slowly  to 
ercise,  beginning  with  the  lounge ;  then  a  very 
ight  is  put  upon  them,  and  that  gradually  in- 
Indeea,  nothing  can  better  show  the  dSecte  <A 
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exercise  in  perfecting  the  muscular  action  than  the  coo- 
sequence  ot  the  lose  of  one  day's  training.  It  will  faring 
the  favourite  to  the  bottom  of  the  list,  and  that  without 
any  suspicion  of  lameness,  but  from  a  knowledge  of  the 
fact,  that  even  such  a  slight  irregularity  in  his  training 
will  have  a  sensible  etfect  on  his  speed.  Shall  the  pota- 
bility of  pecuniary  loss  excite  the  jockey  to  more  eve 
for  his  horse  than  we,  in  our  rational  and  humane  atten- 
tion to  the  education  of  our  youth,  pay  to  their  health  mi 
safety? 

In  reflecting  on  these  many  proofs  of  design  in  tht 
animal  body,  it  must  excite  our  surprise  that  anatomy  s 
so  little  cultivated  by  men  of  science.  We  crowd  to  « 
a  piece  of  machinery  or  a  new  engine,  but  neglect  to  rnt 
the  covering  which  would  display  in  the  body  the  mat 
striking  proofs  of  design,  surpassing  all  art  in  simplicity  * 
and  effectiveness,  and  without  any  thing  useless  or  super-  r 
fluous. 

A  more  important  deduction  from  the  view  of  the  s» 
mal  structure  is,  that  our  conceptions  of  the  perfection  and 
beauty  in  the  design  of  nature  are  exactly  in  projxjrtki 
to  the  extent  of  our  capacity.  We  are  familiar  with  the 
mechanical  {x>wers,  and  we  recognise  the  principles  b 
the  structure  of  the  animal  machine ;  and  in  proportfo 
as  we  understand  the  principles  of  hydrostatics  and  hy  '■ 
draulics,  are  able  to  discern  the  most  beautiful  adaptati* 
of  them  in  the  vessels  of  an  animal  body.  But  when,  * 
our  further  progress  in  anatomy,  it  is  necessary  that* 
should  study  a  matter  so  difficult  as  the  theory  of  life 
imperfect  principles  or  wroug  conceptions  distort  td 
obscure  the  appearances :  false  and  presumptuous  theo- 
ries are  formed,  or  we  are  thrown  back  indisuppointmrf 
into  scepticism,  as  if  chance  only  could  produce  that,  of 
which  we  do  not  comprehend  the  perfect  arrangement 
But  studies  better  directed,  and  prosecuted  in  a  Wttfi 
spirit,  prove  that  the  human  body,  though  deprived  (f 
what  gave  it  sense  and  motion,  is  still  a  plan  drawn  i> 
perfect  wisdom. 

A  man  possessed  o£  \W\.\kuc&&3  which  is  akin  too* 
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knowledge,  may  be  depressed  by  too  extensive  a  surrey 
of  the  frame  of  nature.  The  stupendous  changes  which 
the  geologist  surveys  —  the  incomprehensible  magnitude 
of  the  heavenly  bodies  moving  in  infinite  space,  bring 
down  his  thoughts  to  a  painful  sense  of  his  own  littleness : 
"to  him  the  earth  with  men  upon  it  will  not  seem  much 
other  than  an  ant-hill,  where  some  ants  carry  corn?  and 
gome  carry  their  young,  and  some  go  empty,  and  all  to 
and  fro— a  little  heap  of  dust."  * 

He  is  afraid  to  think  himself  an  object  of  Divine  care ; 
bat  when  he  regards  the  structure  of  his  own  body,  he 
learns  to  consider  space  and  magnitude  as  nothing  to  a 
Creator.  He  finds  that  the  living  being,  which  he  was 
about  to  contemn,  in  comparison  with  the  great  system 
of  the  universe,  exists  by  the  continuance  of  a  power,  no 
less  admirable  than  that  which  rules  the  heavenly  bodies ; 
be  sees  that  there  is  a  revolution,  a  circle  of  motions  no 
leas  wonderful  in  his  own  frame,  in  the  microcosm  of 
man's  body  than  in  the  planetary  system ;  that  there  is 
not  a  globule  of  blood  which  circulates,  but  possesses 
attraction  as  incomprehensible  and  wonderful  as  that 
'which  retains  the  planets  in  their  orbits. 

The  economy  of  the  animal  body,  as  the  economy  of 
the  universe,  is  sufficiently  known  to  us  to  compel  us  to 
acknowledge  an  Almighty  power  in  the  creation.  What 
would  be  the  consequence  of  a  further  insight — whether 
it  would  conduce  to  our  peace  or  happiness — whether  it 
would  assist  us  in  our  duties,  or  divert  us  from  the  per- 
Jbrmance  of  them,  is  very  uncertain. 

*  Bacon. 
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Amohgst  the  least  informed  people,  and  in  re 
lages,  there  are  old  saws  and  rules  regarding 
sickness,  and  wounds,  which  might  be  thought 
from  mere  experience ;  but  they  are,  on  the  • 
for  the  most  part,  the  remains  of  forgotten  the 
opinions,  laid  down  by  the  learned  of  former  da 
twos  of  knowledge,  it  would  appear,  confined  i 
a  select  part  of  society,  are,  in  the  progress  of  t 
fused  generally,  and  may  be  recognised  in  the  a 
of  the  poor.  These  are  traced  to  their  source 
the  curious  few,  who  like  to  read  old  books,  an 
serve  how  that  which  is  originally  right,  becomes 
prejudice  and  ignorance,  distorted  and  fantastica 

If  a  very  little  exact  knowledge  of  the  stn 
our  own  frames  were  more  generally  diffused 
would  be  advanced,  empirics  could  hardly  maint 
influence,  and  medical  men  might  have  a  farthc 
to  desire  professional  eminence. 

Men  suppose  that  the  knowledge  of  their  ow 
must  be  a  science  locked  up  from  them,  becau 
language  in  which  it  is  conveyed ;  or  they  ta 
their  thoughts  from  it,  as  from  the  contemp 
danger,  unwilling  to  survey  the  slight  ties  by  wr. 
hold  their  lives.  They  are  like  persons  for  the 
at  sea,  who  shudder  to  calculate  now  many  circu 
must  concur  to  speed  the  frail  vessel  on  its  voy 
how  little  is  between  them  and  the  deep.  It 
a  mean  and  timid  spirit  that  shuts  out  from  our 
plation  the  finest  proofs  of  Divine  Provider 
ten9 8  treatise  on  the  uses  ot  xta  \nx\&  <& \ba  bun 
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was  composed  as  a  hymn  to  the  Creator,  and  abounds  in 
demonstrations  of  a  Supreme  Cause  ;  and  when  Cicero 
desires  to  prove  the  existence  of  the  Deity  from  the 
order  and  beauty  of  the  universe,  he  surveys  the  body 
of  man,  deeming  nothing  more  godlike,  as  marking 
man's  superiority  to  the  brutes,  than  the  privilege  of 
contemplating  his  own  condition,  since  it  teaches  him 
the  ways  of  Providence,  from  a  knowledge  of  which 
come  piety  and  all  the  virtues. 

Although  we  are  writing  under  the  title  of  Animal 
Mechanics,  the  reader  must  be  aware  that  we  cannot 
proceed  much  farther,  on  mechanical  principles  alone. 
At  least,  before  we  have  it  in  our  power  to  illustrate 
particular  parts  of  the  animal  frame,  by  reference  to 
those  principles,  we  must  have  the  proofs  before  us  that 
we  are  considering  a  living  body.  It  is  the  principle  of 
life  which  distinguishes  the  studies  of  the  physiologist 
from  the  other  branches  of  natural  knowledge.  To  lose 
sight  of  this  distinction  is  to  tread  back  the  path,  and  to 
engage  once  more  in  the  vain  endeavour  to  explain  the 
phenomena  of  life  on  mechanical  principles.  We  have 
taken  mechanics  in  their  application  to  mechanical  struc- 
ture in  the  living  body,  because  they  give  obvious  proofs 
of  design,  and  in  a  manner  that  admits  of  no  cavil. 
Yet,  although  those  proofs  are  very  clear  in  themselves, 
they  are  not  so  well  calculated  to  warm  and  exalt  our 
sentiments  as  these  which  we  have  now  to  offer  in 
taking  a  wider  view  of  the  animal  economy. 

In  entering  on  the  second  department  of  this  treatise, 
the  reader  may  be  startled  at  the  subjects  of  discussion  ; 
but  this  comes  also  from  ignorance  of  their  nature. 
Much  may  be  learned  from  the  observation  of  things 
familiar.  Their  perpetual  recurrence  banishes  reflection 
respecting  them,  but  it  is  the  business  of  philosophy  to 
make  us  alive  to  the  importance  of  that  which  we  have 
been  accustomed  to  from  childhood,  and  have,  therefore, 
long  ceased  to  observe  with  attention. 

In  the  h'rst  chapter  of  this  second  part  we  shall  con- 
tinue to  examine  the  operations  of  the  animal  body,  inde- 
pendently of  the  agency  of  the  living  \wro\jertaj.    N*<a. 
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shall  consMer  it  as  a  mere  hydraulic  machine.  Follow- 
ing the  blood  in  its  circle  through  cisterns  and  conduit 
pipes,  we  shall  point  out  the  application  of  the  princi- 
ples of  this  science  as  we  formerly  did  those  of  mecha- 
nics, and  so  arrive  at  the  like  conclusions  by  a  different 
course.  And  as  we  before  found  every  muscular  fibre 
adjusted  with  mechanical  precision,  so  now  we  shall  find 
every  branch  of  an  artery,  or  of  a  vein,  taking  that  pre- 
cise course  and  direction  which  the  experience  of  the 
engineer  shows  to  be  necessary  in  laying  the  pipes  of  a 
engine. 

Having  thus  surveyed  the  mechanical  operations  of 
the  animal  body,  and  the  course  of  the  fluids  conveyed 
through  it,  on  hydraulic  principles,  we  shall  consider 
ourselves  as  having  advanced  through  the  meaner  to  the 
higher  objects  of  inquiry,  and  proceed  to  show  bow 
the  principle  of  life  bestows  different  endowments  on  the 
framework  ;  how  motion  originates  in  a  manner  quite 
different  from  that  produced  by  mechanical  forces ;  how 
the  sensibilities  animate  the  living  properties  of  action; 
how  the  different  endowments  of  life  correspond  with 
each  other,  and  exhibit  power  and  design  in  a  degree 
far  superior  to  any  thing  that  we  observed  in  the  me- 
chanical adjustment  of  the  parts,  or  the  circulation  of  thr 
fluids. 
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CHAPTER  I. 

CIRCULATION  OF  THE  BLOOD,  UPON  THE  PRINCIPLES 
OF  HYDRAULICS. 

^.  Iv  tracing  the  course  of  the  circulation  of  the  blood,  it 

',  it  natural  to  inquire  how  far  the  system  of  reservoirs, 

~~    pipes,  and  valves,  which  form  the  apparatus  for  convey- 

%  HH?  i*»  are  constructed  on  the  principles  of  hydraulics. 

f  ^i¥e  find  this  difficulty  in  the  outset,  that  the  vessels 

\  containing  the  blood  are  not  rigid,  like  those  the  en- 

^  gincer  employs  in  erecting  hydraulic  machinery.     In- 

~~   stead   of  resembling  pipes  which  convey   water,  and 

which  receive  the  force  of  gravitation  on  them,  they 

'    have  both  elasticity  and  an  appropriate  living  power. 

^   The  artery,  the  tube  which  conveys  the  blood  out  from 

J.   the  heart  to  the  body,  has  a  property  of  action  in  itself. 

^    Its  elasticity  and  muscular  power  must  derange  those  in- 

fluences  which  we  study  in  pure  hydraulics. 

There  is  to  be  found,  notwithstanding,  a  great  deal 
that  is  common  to  both,  when  we  compare  the  tubes  of 
an  animal  body  with  the  hydraulic  engine  ;  the  capacity 
of  the  vessels ;  the  increase,  or  diminution,  of  their 
calibres  ;  their  curves  ;  the  direction  of  their  branches ; 
— all  these  ought  still  to  be  on  the  same  principles  on 
which  experience  has  taught  men  to  form  conduit  pij>es. 
We  ought  not  to  be  indifferent  to  these  proofs  of  design, 
because  we  acknowledge  that  an  infinitely  superior  power 
is  brought  into  Oj>eration  in  the  animal  body,  and  which 
is  necessary  to  the  circulation  of  the  blood.  It  renders 
the  inquiry  more  difficult,  but  it  does  not  obscure  the 
inferences  drawn  from  the  consideration  of  the  whole 
•abject 

We  shall  first  present  to  our  readers  the  s\m\\<s&\.  fotm 

i-  S 
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of  the  Heart.  It  is  not  necessary  to  detail  the 
complicated  structure  of  the  human  heart,  vhc 
fact,  two  hearts  are  combined  ;  the  fibres  of  ti 
continued  into  the  fibres  of  the  other,  and  the 
twisting  round  one  another  so  as  to  present  the 
which  is  familiar  to  everybody.  Although  thei 
four  intricate  cavities,  seven  tubes  conveying  the 
into  them,  and  two  conveying  it  out  of  them,  we 
for  the  purpose  of  considering  the  forces  circulatii 
blood,  and  comparing  the  living  vessels  with  pipei 
sent  the  heart  and  vessels  as  simple  ;  yet,  with  j 
truth,  being,  in  fact,  the  heart  and  vessels  of  anir 
more  simple  r' 


The  action  of  the  heart  is  this :  the  blood  returns 
the  body  by  veins  into  the  sinus  orauricle,*  a,  and  dL 
it:  this  sinus  is  surrounded  with  muscular  fibres  ;  1 
distention  or  elongation  of  these  fibres  they  are  ex 

*  Auricle,  from  auricula,  the  flap  of  the  ear,  is  a 
given  to  the  sinus,  because  a  comer  of  it  hangs  over 
nog's  ear. 
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and  the  sinus  contracts  and  propels  the  blood  into  the 
ventricle,  b.  The  ventricle  is  more  muscular ;  it  is,  in 
fact,  a  powerful  hollow  muscle ;  it  is  excited  by  the  dis- 
tention, and  contracts  and  propels  the  blood  into  the 
artery,  c. 

We  understand  then  that  every  heart  must,  at  least, 
consist  of  two  cavities  alternating  in  their  action ;  that 
the  vessel  which  carries  the  blood  to  them  is  called  a 
rein ;  and  that  the  vessel  which  carries  the  blood  out 
from  them  is  the  artery. 

The  first  thing  that  strikes  a  person  examining  the 
heart  is  the  extraordinary  intricacy  of  the  cavities,  from 
the  interlacing  of  its  muscular  fibres,  and  he  naturally 
says  that  they  appear  ill  calculated  for  conveying  a  fluid 
through  them.  There  is  an  attraction  between  fluids  and 
solids,  he  might  observe,  and  this  attraction  is  increased 
by  the  extension  of  the  surfaces  of  the  pillars  and  cords 
which  he  sees  in  the  interior  of  the  heart. 

We  must  remind  him  that  the  blood  is  coming  back 
from  the  body,  having  performed  very  different  offices 
in  different  parts,  and  has  parted  with  different  pro- 
perties in  the  several  organs  it  has  supplied.  There  is 
in  that  stream  of  blood  which  enters  through  the  vein  a 
new  supply  of  fluid  which  has  come  by  digestion,  the 
material  for  making  fresh  blood,  as  well  as  that  which 
has  run  the  circle.  These  two  fluids  must  be  thoroughly 
mixed  together,  and,  no  doubt,  this  is  one  of  the  offices 
provided  for  by  the  intricacy  of  the  interior  of  the 
heart. 

Again,  looking  to  the  recesses  of  the  cavities  formed 
between  the  fleshy  columns,  and  behind  the  valves,  we 
might  suppose  that  the  blood  would  remain  there  stag- 
nant. There  are  cavities  or  recesses  too  in  the  remote 
parts  of  the  circulating  vessels,  where  we  might  suspect 
that  the  influence  of  the  stream  would  not  be  felt,  and  a 
stagnation  might  take  place.  But  there  is  attraction 
between  the  particles  of  fluids  as  well  as  between  the 
fluids  and  their  containing  tubes.  Let  us  see  then  how, 
in  this  figure,  a  stream  of  water  carried  through  a  cistern 
of  water  will,  by  its  friction,  draw  after  it  t\\fe  -<N«te?c  Vft^ 
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it  above  its  natural  level,  and  i 


The  stream  entering  the  reiervoir,  a,  by  the  pipe 
carries  with  it  all  the  water,  c,  which  stands  above 
level  of  its  upper  surface.  By  this  we  see  that 
stream  of  blood  entering  into  the  heart,  even  if  its  c 
ties  were  not  emptied  at  each  pulse,  as  some  rod 
they  are,  would  draw  out  the  blood  from  its  reeesaei 
that  no  part  could  remain  stagnant,  but,  on  the  contr 
all  would  be  carried  in  eddies  round  the  irreg^ilari  ties  i 
they  took  the  direction  of  the  great  artery,  in  which  1 
would  be  perfectly  combined. 

The  next  tiling  to  be  noticed  partakes  of  the  natur 
a   mechanical   provision — we  mean  the    action    of 

We  must  here  remark,  that  the  opening  into  the 
tricle  is  very  different  from  that  which  leads  out  of 
the  latter  being  mueh  smaller.  Medical  writers  desc 
this  as  if  it  were  nothing  to  them,  and  a  mere  accid 
But  it  must  be  recollected,  that  a  stream  of  water  es 
ing  a  reservoir,  is  in  a  very  different  condition  from 
which  is  going  out  of  it ;  it  is  on  this  principle  that 
mouths  (oslia  is  the  anatomical  term)  of  the  ventricle 
differently  formed,  and  it  is  this  difference  which  id 
the  structure  of  the  valves  which  guard  those  passage 
dissimilar  and  so  appropriate.  Without  attention  to  1 
ire  should  follow  our  medical  authorities,  and  call 
variety  in  the  mechanical  aA&oU&an  a  ™««  playful 
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in  nature.    It  is  more  agreeable  to  us,  to  see  a  precision 
of  design  visible  at  the  first  step  of  this  inquiry. 

The  valves  of  the  heart  are  regular  flood-gates  which 
close  the  openings  against  the  retrograde  motions  of  the 
blood.  They  are  not  all  of  the  same  mechanical  con- 
struction ;  and  their  difference  deserves  the  reader's  at- 
tention as  proving  design  in  this  hydraulic  machinery. 

The  valve  which  we  have  first  to  describe  closes  the 
opening  betwixt  the  auricle  or  sinus  and  the  ventricle, 
and  prevents  the  action  of  the  ventricle  propelling  the 
blood  back  again  into  the  auricle. 


It  is  a  web  or  membrane,  resembling  a  sail,  when 
bagged  by  the  wind.  The  blood  catches  the  margin  of 
this  membrane,  and  distends  it  as  the  wind  does  the  stay- 
flail ,  or  jib,  of  a  vessel,  which  it  much  resembles,  being 
triangular  and  pointed.  There  are  three  of  these  mem- 
branes, and  the  valve  is  called  tricuspid,  or  three- 
pointed.  Three  membranes  then,  of  this  kind,  com- 
bining and  being  floated  back  upon  the  mouth  of  the 
opening,  effectually  close  it. 

The  illustration  of  the  action  of  these  valves  by  a  sail 
\m  00  perfect,  that  if  the  reader  will  \ia\e  ^\»eoRfc  \» 


attend  to  those  little 


curate  idea  of  the  adjustment  of  these  fl~ti"n;  nine 
~  Bdgaofthe 


■oS" 


them ;  and  on  the  edge  where  it  it  attached  the  cauiaw 
U  strengthened  bv  bang  hemmed  down  or  tabled,  hi 
the  same  way  us  the  foot  of  the  tail,  or  lower  margin,  ■ 
strengthened  with  the  bolt-rape,  just  bo  are  the  wliei 
strengthened  at  their  edges  and  their  corners.  Who* 
the  two  ropes  join  in  the  loose  corner  of  the  tail,  they 
form  a  duo — a  loop  to  which  tackle  is  attached;  the 
valve  has  such  a  comer,  so  strengthened,  and  bat  a  curd 
attached.  The  corners  of  the  sail  are  strengthened  bj 
additional  portions  of  canvass  called  patches ;  so  are  tat 
valves  strengthened  where  their  tendons  are  infixei 
To  the  corner  or  clue,  ■,  ropes  are  attached  which  aft 
called  the  sheets,  c  c.  These  bents;  drawn  tight, 
spread  out  the  foot  of  the  tail  to  one  side  or  the  other, 
according  to  the  direction  of  the  wind,  and  the  tack  taj 
ship  is  on ;  the  valves  have  also  their  tackle ;  and,  ia 
short,  wc  shall  find  a  resemblance  to  all  the  parts  of  i 
sail  in  the  valves  of  the  heart. 
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)ne  edge  of  the  triangular  valve  is  tied  to  the  margin 
he  opening,  as  one  of  the  leeches  of  the  sail  is  at- 
led  to  the  stay ;  the  opposite  corner  is  loose,  and 
ts,  as  the  sail  does  in  tacking,  until  the  blood,  bear- 
against  it  as  the  wind  bears  against  the  sail,  bags  and 
ends  it ;  the  corner  is  then  held  down  by  tendons, 
there  are  cords  attached  to  the  corner  of  the  valve,  as 
t  as  to  the  corner  of  the  sail.  These  the  anatomist 
j  cordce  tendinece,  b  b,  which  in  their  office  have  an 
?t  resemblance  to  the  ropes  called  the  sheets  of'  the 
They  are  delicate  tendons  attached  to  the  margin 
he  valve,  and  they  prevent  the  margin  from  being 
ied  back  into  the  auricle. 

[ere  we  find  a  very  beautiful  muscular  apparatus 
ch  is  necessary  to  the  perfect  adjustment  of  these 
Is.  The  cords  are  attached  to  small  muscles  called 
mnce  carnece,  c  c,  or  fleshy  columns,  which  at  their 
;r  extremities  are  incorporated  with  the  muscular 
[  of  the  ventricle  itself.    The  use  of  these  muscles  is 

to  be  explained.  Had  the  tendinous  cords  of  the 
es  been  tied  to  the  inside  of  the  wall  of  the  ventricle, 
lout  the  intervention  of  these  muscles,  as  the  walls  of 
cavity  approach  each  other  during  their  contraction, 

tendinous  cords  would  have  been  let  loose,  and  the 
gins  of  the  valves  carried  back  into  the  auricle.  But 
the  intervention  of  these  muscles,  they  are  pulled 
n  and  shortened  in  proportion  as  the  sides  of  the 
ty  approach  each  other. 

)n  the  whole,  then,  we  perceive  that  this  apparatus, 
ch  is  as  intricate  as  the  rigging  of  a  ship,  consists  of 
iriety  of  fleshy  columns  and  cords,  many  of  which,  in 
,  run  across  the  cavity  of  the  ventricle. 
Ve  are  about  to  exhibit  another  form  of  a  valve,  much 
pier,  and  vet  we  are  bound  to  believe  equally  ef- 
ual :  which  tends  to  support  the  opinion  expressed 
<3,  that  besides  preventing  the  retrograde  motion  of 
►lood,  this  intricate  apparatus  of  the  ventricle  is  in- 
^<J  more  effectually  to  agitate  and  to  mix  the  different 
cos. 

th.^  root  or  origin  of  the  great  artery,  called  the 
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Aorta,  there  is  a  firm  ring  to  which  the  valves  now  to  be 
described  are  attached.  The  necessity  of  this  will  ap- 
pear evident,  since,  if  the  ring  could  be  stretched  by  toe 
force  of  the  heart's  action,  the  valves  or  flood-gatei 
would  not  be  sufficient  to  close  the  passage ;  their  con- 
joined diameters  would  not  equal  that  of  the  artery 
which  they  have  to  close.  These  valves  are  three  ii 
number :  they  are  little  half-moon-shaped  bags  of  thin 
membrane,  which  are  thrown  up  by  the  blood  passing 
out  from  the  ventricle,  but  by  the  slightest  retrograde 
movement  of  the  blood  their  margins  are  caught,  and 
then,  being  distended  or  bagged,  they  fall  together,  and 
close  the  passage.  There  are  some  curious  little  ad- 
juncts to  these  valves,  which  ought  to  be  explained,  a 
showing  the  accuracy  of  the  mechanical  provision. 


When  the  margin  of  the  valve  is  thrown  up  by  the 
blood  passing  out  of  the  heart,  it  is  not  permitted  to 
touch  or  fall  flat  upon  the  side  of  the  artery,  for  if  it  did, 
it  would  not  be  readily  caught  up  by  the  blood  that 
flows  back  ;  there  is  therefore  a  little  dilatation  of  the 
coats  of  the  artery  behind  each  valve  by  which,  although 
the  margins  of  the  valve  be  distended  to  the  full  circle, 
they  never  cling  to  the  coats.  These  valves,  then,  are 
never  |)ermitted  to  fall  against  the  coats  of  the  artery, 
and  therefore  they  arc  always  prepared  to  receive  the 
motion  of  the  refluent  VAood. 
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i  three  semicircular  bags  formed  by  the  dilatation  of 
xoe  coats  of  the  artecy  at  thU  part,  receding  from  the 
margin  of  each  of  the  valves— consequently,  in  such  a 
manner  as  to  leave  a  space  between  the  valves  and  the 
aides  of  the  vessel. 

To  strengthen  the  valves,  a  tendon  runs  along  their 
margin  like  the  bolt-rope  or  foot-rope  along  the  edge  of 
a  Bail,  and  these  ligaments  are  atta-'— '  ■-  '■-'■  -;  '  ■  '  •' ■■■ 
artery,  and  give  the  valve  great  at 


Theae  falves,  we  have  said,  are  semilunar;  con- 
sequently, when  they  fall  together,  there  must  be  a 
re,  ±,  left  between  them.  If  we  put  the  points  of 
thumb,  fore  and  middle  fingers,  together,  (here  is  a 
triangular  space  left  between  them;  such,  a  auace  \»s- 
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The  Mtery  open,  mi  tin  i 


Three  little  bodies  like  tongues  are  therefore  attache!  . 

to  the  middle  of  the  margin  of  each  valve,  and  Ibex  ,,' 

falling  together,  when  the  valve  is  abut  down,  perfet!  . 

the  septum  and  prevent  a  drop  of  blood  p—jng  back-  c 

The  valves  have  no  power  of  accelerating  the  motion  I , 
of  the  blood  ;  they  only  prevent  its  retrograde  motion, 
and  cause  the  whole  power  of  the  heart  to  be  employed 
in  directing  the  blood  forwards  in  the  course  of  the  lit- 
dilution.  But  when  they  are  ruptured,  when  the  valve 
iii'l  described  is  rent,  or  the  cordie  tendinous  are  broken, 
then  ihe  membrane,  which  we  have  said  is  like  a  sail,  i< 
carried  back  from  the  second  into  the  first  cavity,  ll  is 
like  the  sail  torn  front  the  sheets  and  flying  out  before 
the  wind :  the  erteet  is  terrible :  the  pulse  of  the  hvai 
the  whole  force  of  which  should  be  given  to  curry  tl 
blood  forwards  in  the  arteries,  has  half  its  force  directed 
backwards  upon  the  veins. 

In  the  same  manner  the  semilunar  valves  in  the  ro- 
of the  aorta  may  have  their  margins  torn.  We  have  lit 
scribed  the  margin  of  these  valves  to  be  strenpthoned  h 
a  tendon  or  cord  run  along  their  edge,  like  the  nope 
which  is  sewed  to  the  edge  of  a  sail.  There  is  an  oo- 
vious  intention  in  strengthening  the  valve  here;  but 
when  textures  of  this  kind  become  impaired  in  the 
human  frame,  this,  may  g««  way  and  bo  torn,  and  tbea 
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■eaction  of  the  artery,  when  the  heart  hat  given  its 
e,  is  lost;  for,  instead  of  impelling  the  blood  for- 
s,  the  blood  runs  backwards  into  the  heart.  The 
;  of  these  accidents  is  extreme  debility  of  circulation, 
symptoms  varied  according  aa  the  defect  falls  on  the 
lation  through  the  lungs  or  through  the  body — that 
hether  on  the  right  or  the  left  heart  of  man.  But 
accidents  are  rare,  and  never  take  place  until  dis- 
has  impaired  he  strength  of  what  we  may  call  the 
e  of  ttie  valve. 

ie  next  remark  is  founded  more  directly  on  the  hy- 
ic  principle. 

lis  ring  and  these  valves  at  the  beginning  of  the  great 
y  imply  a  certain  constriction,  or  diminution  of  the 
at  this  part;  and  we  have  now  to  show  that  such 
itraction  of  the  tube  at  this  precise  part  does  not  di- 
■h  the  diameter  of  the  column  of  blood.  This  appears 
icons istency ;  but  if  a  stream  of  water  flow  from  a 
11,  through  a  hole  in  that  cistern,  the  column  of 
•  will  be  diminished  at  a  certain  point  of  its  exit. 


■\e  water  flowing  through  the  bottom  of  the  cistern 
be  represented  by  converging  lines ;  and  their  united 
s  impelling  the  stream  forward,  contract  it  just  be- 
the  exit  —  the  Vena  Contracta.  Nature,  taking 
stage  of  this  law,  hag  constructed  the  narrow  -swag, 
h  we  have  shown  is  necessary  to  the  accwrato  a&psX- 
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mcr.t  of  the  va]ve,  at  the  precise  part  where  the  blood, 
issuing  from  the  cavity  of  the  ventricle,  U  oeceaarih; 
com  ranted  to  the  smallest  space.  The  column  of  blood 
would  be  contracted  at  this  point,  even  if  there  wen  m 
coats  of  the  artery  to  confine  it  there. 

We  had  thought  of  this  as  a  thing  indicated  by  retim- 
ing, hut  wc  find  that  an  appropriate  experiment  hat  bea 
made  which  proves  it. 


A  being  the  sidoof  a  reservoir,  and  n  a  short  tubefrii 
issue  to  the  water,  it  will  deliver  as  much  water  by  this 
rotund  constructed  mouth,  as  if  the  tube  were  of  eon* 
diameter  with  the  hole  in  the  reservoir.    The  reader  will 

E creche  how  satisfactorily  this  indicate  what  is  designed 
y  the  difference  in  the  site  of  the  mouth  of  the  vei — :J" 
which  gives  entrance,  and  that  which  gives  issue 
blood. 

With  n  view  to  explain  the  motion  of  fluids  in 
and  fmally  the  motion  of  the  blood  in  the  blood-v 
let  us  consider  what  takes  place  in  the  motion  of  the  co- 
lumn of  water  which  is  not  contained  in  a  tube. 

When  water  is  poured  out,  and  descends  in  an  uninter- 
'*A  stream,  the  column  contracts  as  it  descends,  uati 


d  by  the  figure  in  p.  239,  but  that  gradual  dimi 
be  ilin  miter  of  the  stream,  owing  to  the  heisrbt  frost 
t falls.   Weapote-W^4\i^^\^\a\*y^sfl.^.ujciDk, 
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mt  falling  bodies  are  accelerated  as  the  square  root  of 
ie  height  from  which  they  fall.  The  stream  being 
lore  rapid  at  its  lower  part,  is  necessarily  smaller  in 
iameter,  until,  having  acquired  considerable  velocity, 
le  resistance  of  the  atmosphere  separates  its  filaments, 
ad  it  becomes  broader  again. 
A  very  different  appearance  is  presented  in  a  jet 
'eau;  here  the  ascending  stream  widens  as  it  ascends, 
"he  explanation  of  this  we  conceive  to  be,  that  the  fluid 
<  retarded  as  it  mounts,  and  that  the  stream  propelled 
■om  below  is  forced   between   the   filaments"   of  the 

•  Those  who  treat  of  hydraulics  divide  a  column  of  water 
ito  ideal  lesser  columns,  which  the;  call  filaments,  with  a 
ery  different  meaning  from  the  fibres  of  the  ai  '" — '"' 


This  reservoir  will  be  emptied  more  rapidly  if,  intari 
of  a  bole  in  the  bottom  at  a,  the  water  be  discharaed  b/ 


lumn  of  water  being  perpendicular,  it  will  be  accekwlsi 
at  its  lower  part ;  but  instead  of  diminishing  its  diameter, 
as  it  would  do,  if  not  confined  bj  a  tube,  it  will  draw  ■ 
additional  volume  of  water  down,  and  accelerate  the  (la- 
It  will  be  very  different  if  the  force  be  altogether  fits 
behind,  as  when  water  ia  propelled  into  *  horiioaol 
tube. 

The  tube  a  being  conical,  will  discharge  more 
from  the  reservoir  a  than  if  it  had  been  of  equal  le 
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liameter  throughout  the  same  as  at  its 
Because,  as  it  appears  to  us,  the  weight  of  thu 
ng  column  being  the  force,  and  this  operating  as 
ergo,  it  is  tike  the  water  propelled  from  the  jet 
id  the  gradual  expansion  of  the  tube  permits  the 
rom  behind  to  force  itself  between  the  filaments, 
>erses  them  without  producing  that  pressure  on 
s  of  the  tube  which  must  take  place  where  it  is 
to  calibre.     These  principles  will  give  great  in- 

the  following  bet. 
:elebrated  John  Hunter  took  great  pains  to  prove 

artery  had  its  diameter  enlarged  as  it  proceeded 
a  heart,  and  that  the  areas  of  the  branches  of 
y  were  greater  than  the  diameter  of  the  parent 


to  say,  the  section  of  tha  trunk  at  a  was  not 
as  the  two  sections  at  b,  taken  together ;  that 
sections  at  ■  taken  together,  were  not  w  greaS.  w 
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the  four  sections  at  c;  that  the  conjoined  dk 
therefore,  of  the  branches  of  an  artery  were  grei 
the  diameters  of  the  artery  itself.  This  fact  b 
sometimes  expressed  by  saying  that  the  artery  wi 
with  its  apex  in  the  heart. 

When  we  stand  by  a  rapid  river,  we  can  perc 
the  surface  of  it  is  not  level.  The  stream  is  rap 
middle,  and  there  the  water  is  highest.  The  fi 
the  water  against  the  bottom  and  the  sides  rei 
stream,  whilst  the  greater  velocity  of  the  currei 
centre  draws  the  water  to  it,  which  is  the  rea 
elevation  there. 


B 


For  the  same  reason,  if  an  engineer  estimate 

tfty  of  fluid  to  be  delivered  through  a  tube  wi 

mating  the  friction  of  the  sides,  he  will  be  dh 

in  the  result  of  his  calculation ;  for,  as  the  wa 

river  is  delayed  by  the  bottom  and  sides,  so  is 

in  the  tube  retarded  by  the  attraction  or  frictio 

the  water  and  the  tube.     And,  if  we  can  imaj 

tion  representing  the  tube  and  the  flowing  wa 

be  the  solid  tube,  b  the  water  retarded  or  arres 

friction  against  the   tube,  and  the  space  c,  > 

inner  circle,  would  represent  that  part  of  the  stn 

:~  :^  uninterrupted  flow.     The  engineer  will 

tobe  larger  than  would  be  necessary,  w 

ttraction  nor  friction  between  the  solid 

nthar  aopear  that  the  smaller  the  cali 
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»ter.  Does  not  thit  explain,  the  anatomical 
we  have  been  contemplating,  that  the  area  of 
r  branches  is  comparatively  larger  than  the 

which  they  are  derived  1 
ueficial  enecta  result  from  this ;  for  we  must 
it  the  blood-vessels  of  the  body  are  reservoirs 
conduit  pipes.  A  man  of  middling  stature  haa 
e  pounds  of  blood  in  his  circulating  vessels  :  if 
s  did  not  enlarge  as  they  receded  from  the 
e  would  be  no  place  for  the  deposit  of  this 
tity  of  blood.  The  advantages,  then,  of  this 
form  are,  first,  that  a  quantity  of  blood  neces- 

economy  is  contained  within  the  vessels  ;  and, 
that  the  blood  is  more  easily  urged  forwards 
ion  of  the  heart.  The  reader  will  not  now  be 
n  learning  that  a  pipe  of  a  conical  form,  that 
ig  as  it  proceeds,  gives  the  least  interruption 


Sowing  in  a  tube  will  be  retarded  by  any  sudden 
le  tube.  If  the  ajutage  of  a  jet  d'eau  have  not 
nd  uniform  sweep  where  it  is  turned,  the  jet  ot 
,  not  reach  the  height  which  it  ought  to  do  by 
i  of  the  height  of  the  reservoir  of  water  from 
lescenda— it  will  go  higher  from  the  tube  a  than 


L     TMa  cdmimitance   explains   the   unifom-^ — ,. 
olio  curve  wbich  the  [Treat  iirtery  oi'  (he  bodh£  *^»,|     "^ 
tucendiDgfniiii  the  heart.    It  eiplainaaiso  m*^»>     -''a'« 
hes  of  the  groat  artery  go  aft1  at  ditiereut  s 
ling  to  their  distance  from  the  heart,  or,  ir  ^    ] ■""*h 
i,  why  they  pus  ofl"  at  smaller  angles  with  thi 
irtbertbe  artery  recedes  from  the  heart. 
the  dutritatiiRii  of  water-pipes,  it  U  ver 
end  to  the  angle  at  which  the  small  pipe  is 
>  greater  one,  not  only  because  a  pipe  bci 
tly  cause*  lets  of  motion  frwn  the  im    ' 
againit  the  sill..',  but  also  from  another 
f  hydraulic!. 

i  pipe  be  fixed  into  another  so  as  to  jo 
contrary  to  the  direction  of  the  streai  . 
e  into  that  lateral  branch  from  the  larger  tut 
nly  be  much  smaller  than  we  might  —'■"• 
iters  of  the  tubes,  hut,  in  car" 
discharge  nothing  at  all ;  nay, 
■  would  be  drawn  front   the  lesser  tut 
er,  until  the  lesser  tube  be  emptied, 

rnouilli  found  that  when  a  smalt  tube  s  1 
:he  side  of  a  horizontal  conical  pipe  a,  in  which  «l| 
■was  flowing  towards  tin-  will  croud  c,  not  only  ai* 
e  water  e 

vas  drawn  up  through  the  tube  b 

fig.  at  p.  126.) 

ith  these  feds  beforo  us,  we  turn  with  interest  Hi 
the  anatomist  too  often  contemplates  with  unc» ( 
we  mean  the  diHerent  curve*  in  the  branching  JJ 

rteries  and  veins ;  for  by  this  law  of  hydraulics  lb 

ion  of  the  branches  and  trunks  of  the  arteries  in 

ought  to  be  different,  as  the  one  vessel,  the  an-** 

'  the  blood  out  from  the  heart,  that  Hvlrpnl 

"b — ami  [he  other  vessel,  the  vein,  cazriaa  ft] 

>  direction  towards  the  heart,  or.  teom  knw 

in  matter  <f  bo^^Mat 
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I  characteristic  or  the  vessels.  We  have  heard 
of  anatomy  express  himself  in  this  manner : 
pries  are  active  and  powerful  vowels,  which 
irterial  blood  oat  from  the  heart — and  they  re- 
'orcible  impetus  of  the  heart.  When  the;  are 
the  man  Meeds  to  death  ;— therefore,  nature 
ese  vessels  into  the  recesses  of  the  body,  taking 
of  every  protecting  bone — conveying  them  so 
>iies  and  the  muscles  protect  them.  There  are 
irities  in  their  course,  and  their  branches  go  off 
mined  angle,  and  never  irregularly  ;  but  the 
would  continue,  "  are  vessels  of  leu  import' 
y  convey  the  blood  back  to  the  heart,  with  a 
Dtion,  and  if  they  are  wounded  the  blood  flow* 
minished  a  force  that  yon  can  stop  it  with  the 
fyour  finger;  accordingly,  nature  ismore  neg- 
hem,  theyrun  in  all  then-courses  irregularly — 
>,  some  superficially ;  and  their  branches  join 
ts  with  awkward  irregular  curves  and  elbows." 
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anatomical  discourses,  of  seppopinE  tilings  arc  irrrgalu*, 
as  if  the  object!  in  view  wen  inartificmllj-  nnd  imper- 
fectly attuned.  From  Inattention  to  the  hydraalk  Bck> 
ciple,  he  seemed  not  to  here  considered  that  the  connec- 
tion of  bunk  and  branch  most  vary  according  la  the 
direction  of  the  stream,— that  the  direction  of  the  branch, 
which  is  adapted  to  laid  the  Mrcam  from  tbc  trunk  into 
the  branch,  must  be  altered  when  the  design  is  to  con- 
s' the  fluid  from  the  branch  into  the  trunk. 
The  reader  will  now  ondentond,  that  the  branch  of 


"tf. 


No.  2,  enters  abruptly  and  at  right  angles 
illustrate  this  by  observing,  that  if  we  could  supp 
vein  substituted  for  the  artery,  and  the  artery  lor  the 
rein — if  the  vein  curled  the  Hood  outwards,  instead  d 
towards  the  heart,  and  the  artery  conveyed  the  blood 
back  to  the  heart,  the  blood  could  not  run  in  the  circle: 
it  would  be  retarded,  and  congestion  would  take  plscc, 
somewhere  in  its  course. 

We  have  seen  by  the  demonstration  above,  that  if  tie 
veins  of  the  human  body  were  rigid  tubes,  and  if  lJ' 
were  made  in  their  sides,  air  might  be  drawn  in,  i 
of  blood  flowing  out.  This  is  a  matter  of  vital  con* 
quence,  for  if  a  very  little  air  be  blown  into  the  vrani  d 
an  animal,  it  dies  in  an  instant,  and  there  is  no  Eufierin; 
nor  struggle,  nor  any  stage  of  transition,  so  imiuediaielf 
does  the  stillness  of  death  take  possession  of  every  pet 
of  the  frame. 

In  conversation  with  Napoleon's  celebrated  surgeo* 
Baron  Larrey,  on  the  case  of  a  young  man  wounded  s 
the  neck,  he  said  he  had  no  hesitation  in  declaring  Ik 
cause  of  death  to  be,  air  drawn  in  by  the  veins  of  da 
neck,  and  he  quoted  instances  occurring  at  the  battle  i 


Wagnun.  These  circumstances  greatly  increase  the  is- 
terest  of  an  experiment  made  by  Dr.  Barry,  who  found 
that  on  introducing  a  tube  into  the  vein  of  the  neck, 
placing  the  other  end  of  the  tube  in  a  vessel  of  water, . 
water  rose  during  inspiration.  The  difficultyof  eiplsi* 
ing  this  arises  from  those  reins  being  membranous  tut'f 
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consequently  compressible ;  but  in  the  act  of  inspira- 
not  only  are  the  ribs  and  breast-bone  raised,  but  the 
:les  of  the  neck  attached  to  the  collar-bone  rise  from 
reins  of  the  neck.  By  this  means,  instead  of  suffer- 
the  compression  of  the  incumbent  para,  the  iitmo- 
lic  pressure  is  taken  off  the  vein*  ;  they  are  brought 
e  condition  of  rigid  tubes;  and  the  principles  ofhy- 
lics  explain  the  rest.  Thus  the  figure  given  at  p.  128 
cservoir  emptied  by  a  perpendicular  tube,  into  which 
aller  tube  is  inserted.  The  water  descending  by  the 
:r  tube,  will  draw  the  water  up  through  the  lesser 
,  so  as  to  empty  the  glass  in  which  its  lower  end  is 

"e  shall  here  give  an  example  of  the  manner  in  which 
Li-unk  of  the  absorbent  system  joins  the  venous  sys- 
a  circumstance  which  has  not  escaped  the  notice  of 
umists.  The  absorbing  or  lymphatic  system  consists 
set  of  vessels  different  from  arteries  and  veins,  which 
be  by  a  sort  of  capillary  attraction  at  their  eitremi- 
and  convey  their  fluids  towards  the  centre,  without 
such  impulse  as  the  proper  blood-vessels  receive 
the  heart.  The  stream  tn  the  trunk  of  this  vessel 
10  force  to  impel  it  into  the  stream  of  blood  in  the 
; ;  it  enters,  therefore,  in   " ' 


s  the  trunk  of  this  system,  called  the  thoracic  dact ; 
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B  a  the  great  jugular  vein  descending  from  the  head,  | 
and  c  the  grout  vein  coining  from   the  arm.      The*  ir 
veins  join  at  an  angle,  and  the  streams  from  them,  in  lit  ] 
direction  of  the  arrows,  love  a  point  between  then  it  1, 
d,  where  there  is  no  pressure.     IF  two  tubes  enter  into  ]■ 
a  larger  tube  obliquely,  and  the  water  he  Sowing  Iron 
the  lesser  tubes  into  the  greater  one,  and  if  a  bole  be  i. 
bored  at  the  nngle  oi'  their  union,  the  water  will  not   . 
escape  at  that  hole.     Therefore  the   fluid  tram  the  tho-  1 
rscic  duct  *.  meets  with  uo  impediment  at  thepointn;  j. 
when  entered,  we  have  seen,  by  a  former  diagram,  bo*  I 
the  attraction  of  the  more  forcible  stream  will  draw  the 
contiguous  fluid   after  it.      By  this  contrivance,  if  wr  I 
may  use  the  word,  the  liuid  in  the  absorbing  system  fin* 
access  to  the  rid  blood,  and  is  carried  into  the  heart. 

We  might  continue  this  suhjei't  In  considering  the  in- 
fluence Of  respiration  mi  tin;  eiruihilioii  ;  lull  no  ;!;,'! 
pursue  the  inquiry  into  the  hydraulic  principles,  as  st- 
plicablo  to  the  circulation.  iiijopeiiik'ntly  of  pnen 

The  law  of  inertia,  which  is  of  easy  comprel 
as  it  regards  solids,  is  also  applicable  to  S 
easier  to  keep  a  column  of  water  in  a  P>pe  1 
than  to  put  it  into  motion  from  a  state  of  rest. 

In  a  forcing  pump,  when  after  each  movement  of  nW 
piston  the  column  ot  water  becomes  stationary,  powers 
unnecessarily  lost  H  bringing  the  column  of  water,  whsi 
is  in  this  state  of  rest,  again  into  motion  j  but  if  a  second 
blow  of  the  engine  lie  given  to  the  column  of  wiW 
whilst  it  is  ye  ■  1'ing,  it  is  found  to  be  more  easilj 
pressed  forward,  and  no  part  of  the  force  is  lost  inurgiaj 
it  from  a  state  of  rest  into  motion.  This  is  evinced  it 
the  contrivances  of  the  engineer.  He  employs  two  Sort- 
ing pumps  instead  of  one,  and  he  so  applies  his  levers" 
to  reunite  alter: ntlely  on  the  one  and  the  other; 
end  that  the  water  in  the  pipe  may  be  kept  in  i 
rupted  motion.  Let  us  apply  this  principle  to  th 
lation  of  the  blood. 

If  the  heart  were  the  only  power  forcmsj  on  the  lilood. 
there  would  be  a  cessation  of  motion  after  each  pub*  J 
the  heart,  and  therefore  a  great  part  of  its  power  wooU 
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lost.  This  explains  why  there  is  a  power  in  the 
;ry  as  well  as  in  the  heart.  The  artery  being  mus- 
ir,  seconds  the  operations  of  the  heart;  its  niuscu- 
ty ,  and  the  muscularity  of  the  heart,  are  powers  ei- 
iscd  alternately,  and  which,  acting  like  the  double 
ike  of  the  engine,  permit  no  interval  to  the  motion  of 

column  of  blood.  If  the  heart  had  to  act  upon  a 
iimi  of  blood  at  rest,  not  only  much  of  its  force  would 
unnecessarily  exliausted,  but  it  would  be  excited  to 
pel  an  inert  body,  and  n  dangerous  shock  would  arise 
ii  the  resistance. 

f  we  pursue  this  subject,  and  inquire  what  is  essential 
such  a  hydraulic  machine  as  we  are  contemplating, 

shall  perceive  that  the  engineer  meets  with  a  dim- 
:y  in  adjusting  the  powers  of  his  two  pumps,  and 
Is  an  interval,  or  pause,  in  the  application  of  their 


*o  obviate  this  he  makes  three  cylinders,  the  pistons 
vhich  are  moved  by  a  crank,  which  so  orders  the  de- 
lt  of  the  pistons  as  to  fill  up  this  interval,  so  that  one 


fe 


r.t 

rV 


CIRCULATION  OF  THE  BLOOD. 

_  ^^       from  the  heart ;  this  very  evidentl) 

^Bfm%rt\^S      ^ut  we  sna^  ta^ce  a more sufficient  proof, 

^^  a.  «^  ^^  pi>y  °ne» 

*^ie  advances,  the  arterial  system  loses  mi 

'~  ^  y,  and  becomes  rigid.     This  is  so  comm< 

that  we  can  no  more  call  it  a  disease 

joints  of  an  old  man ;  it  is  the  forer 

^^ompaniment  of  the   decline  of  life. 

takes  place  too  early  in  life,  and  t 

*iegree ;  and  from  its  effects  we  must  cal 

^V>r  it  not  unfrequently  happens  that  the 

"*"     of  the  heart  being  still  entire  and  vigo 

\  can  no  longer  sustain  it.     They  are  not 

with  that  power  which,  yielding  to  th 

resists,  and  recoils  the  more  it  yield* 

Off  all  sudden  shock,  and  which  in  yieldin 

r  £^se^'iw^vep>  8'nce  on  it*  recoil  it  gives  as  much  for 

^  "]-f?R^*^ration  of  the  blood  as  was  lost  of  the  heart 

^USftofc       strtery  then  becoming  rigid,  yields  indee 

£er  impulse  from  the  heart,  excited  by  ii 

****  or  passion,  chips  and  bursts  the  now  rig 

-J^  artery.     If  the  breach  be  sudden,  it  is  c 

^*Q  gradual,  a  pouch  forms — a  true  aneurist 

"^   we  have  the  proof  we  require ;  for  this  bag 

upon  the  solid  bones,  they  are  destroyec 

on  of  the  heart  which  was  so  lightly  and  i 

whilst  the  vessels  were  elastic,  now  beati 

structure,  in  a  short  time  destroys  it.     ' 

led  to  a  more  accurate  knowledge  of  the  fin 

t  of  the  active  and  resisting  properties  in  tl 

vessels  during  youth  and  health,  by  wh 

_ — ^  on  a  very  slight  derangement  of  those  pow 

«.: 

«  :■■■  ■  — 


^^Plsvi*  *  iropul86)  ^mt  h*8  no  recoil.     It  is  pen 
'^|2y*^l  or  enlarged.     It  is  now  called  aneuris 


»« 


SM  AHMAL  MFOHATIOti 


CHAPTEE  II. 

IBS  HXU8TBATION8  FBOM  MECHANICS  If  AT  BE  C 
TOO  FAB.  PBCUUAB  FBOBBB.TXE8  OF  UFJE  ] 
BODY.  THBY  DIFFKR  IN  QUALITY.  THET  HJ 
AIMB8TMBNT  TO  BACH  OTHER,  HOU  ADMIBABL 
THB  MBCHANICAI.  OOITNBXIOK. 

Wi  are  the  more  desirous  of  entering  upon  this  : 
that  we  may  prevent  the  reader  from  founding 
conclusion  upon  the  very  mode  in  which  we  have  1 
proceeded,  that  of  showing  design  in  every  part 
animal  structure  by  taking  our  illustrations  from  1 
chanism  of  the  body. 

When  we  have  admired  the  connections  of  the 
parts,  or  organs,  thus  made  manifest  by  comparis< 
machinery,  we  may  go  too  far,  and  say,  that  th 
rial  structure  and  mechanical  relation  arc  to  be  f< 
still  greater  minuteness  and  perfection  in  the  fit 
tures  of  the  body,  proceed  to  call  this  organizati 
erroneously  conclude,  that  out  of  organization 
Life.  The  very  term  organization  misleads  ;  ye 
plies  something  constructed,  in  which  one  p; 
operates  with  another ;  but  nothing  more.  Tak 
body  as  a  whole,  there  are  undoubtedly  instances 
co-operation,  but  it  is  in  vain  to  seek  the  explan 
life  from  this ;  since  life  exists  in  sjmple  and  1 
substances,  where  there  is  neither  construction 
lation. 

Now,  although  there  are  mechanical  construct 
relation,  as  we  have  seen,  in  bones,  muscles,  a 
dons,  the  phenomena  of  the  body  result  from  a  < 
enco  established  among  the  living  properties,   i 
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ical.  The  highest  medical  authorities  have  seen 
:o  conclude  that  life  is  an  endowment,  not  result- 
n  organization  or  construction,  but,  on  the  con- 
producing  it;  in  other  words,  that  the  living 
c  attracts  the  new  matter,  arranges  it,  and,  in 
o  its  continuance  and  perfection,  alters  it,  and 
i  continual  revolution  in  it.  For  there  is  nothing 
irious  than  the  uninterrupted  and  rapid  change  of 
crial  of  the  animal  body,  from  the  first  pulse  of 
he  last  breath  that  is  drawn  ;  of  which  we  shall 
ondant  proofs  before  we  close  this  inquiry. 
*st  approaching  the  subject  we  are  blinded  by 

occurrences,  and  cannot  comprehend  all  the 
r  which  the  visible  phenomena  of  the  living  body 
duccd.      Probably  most  of  our  readers  believe 

to  be  a  necessary  consequence  of  life,  and  the 
•oof  of  its  presence.  The  peasant  stirs  up  an 
with  his  staff,  and  if  it  does  not  move  he  is  satis- 
t  it  is  dead ;.  and  such  is  the  experience  of  man- 
We  do  not  reflect  that  many  different  qualities  of 
rig  powers  must  be  exercised  before  sensibility  is 
n  its  visible  sign,  the  motion  of  the  creature.  It 
iccessary  that  the  parts  shall  lock  into  each  other 
}  cogs  of  wheels ; — the  connections  established 
i  different  kind  altogether.  Each  part  possesses 
rty  of  life  entirely  distinct  from  the  other,  and 
pcrty  of  life  may  exist  in  the  individual  part  (for 
at  least)  without  that  co-operation  of  the  whole 
s  necessary  for  the  motions  of  the  animal. 
quality  of  life  is,  in  one  respect,  like  gravitation 
or ;  that  is,  when  the  mass  is  broken  into  parts, 
vision  has  its  proportion  of  the  endowment,  and 
separated  parts  of  a  living  creature  possess  life. 
re  the  resemblance  ceases;  gravitation  is  the 
lality  in  every  part,  and  uniform  in  its  effects, 
he  life  is  exhibited  by  qualities  differing  in  every 
the  animal  body.  Did  these  parts  possess  quali- 
ictly  similar,  they  would  remain  at  rest,  and 
combined,  they  would  not  influence  each  other. 
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It  is  the  different  powers  brought  into  combinatioi 
produce  the  motion  of  the  whole  animal. 

If  a  man  fall  into  the  water,  and  is  dragged  out 
tionless,  and  has  ceased  to  breathe,  each  part  of  his 
may  still  possess  its  property  of  life.  Althougl 
combinations  have  been  destroyed,  he  may  be  reviv 
exciting  action  in  some  part  of  his  system.  Life 
remains  in  brain,  and  nerves,  and  heart,  and  art  eric 
in  the  muscles,  which  should  enable  him  to  breathe 
the. mutual  influence,  the  bond  of  their  united  opera 
is  broken.  We  may  take  the  analogy  of  a  macnint 
say  that  the  wheels  are  stopped ;  but  this  is  in  fact  i 
different  thing;  it  is  the  operation  of  the  living 
ence  that  is  stopped ;  for  we  repeat  that  natun 
which,  of  course,  is  always  to  be  understood  the  A 
of  Nature)  has  combined  the  organs  not  mechani 
but  by  properties  of  life. 

Artificial  respiration  draws  after  it  the  action  c 
heart,  because  the  sensibility  of  the  heart  is  mad 
spondent  to  the  lungs.  Pulsation  of  the  heart,  e> 
by  the  motion  of  the  lungs,  is  followed  by  the  act 
the  arteries  ;  these  organs  in  operation  drive  the 
through  the  frame,  and  by  the  circulation  the  sus 
bility  of  each  part  to  impression,  which  had  been  i 
ened,  is  restored.  Action  and  reaction  are  re-establi; 
but  these  actions  are  not  like  those  of  a  machine, 
are  living  properties ;  sensibility  in  one  part,  coi 
tility  in  another ;  and  after  a  variety  of  these  ini 
sensibilities  have  been  for  some  time  in  operatioi 
man  gives  outward  token  of  recovery. 

So  a  person  recovering  from  fainting,  after  so 
and  irregular  breathing,  has  the  respiration  renewe 
succession  other  parts  recover  their  sensibility  an 
sume  their  places  in  the  circle  of  relations  ;  the  s 
cajmble  of  being  stimulated,  and  the  limbs  are  ca 
of  motion  ;  the  eyelids  are  opened  ;  by  and  by  the 
of  the  eye  is  sensible  to  light,  and  the  nerve  of  t\ 
to  sound  ;  and,  finally,  the  faculties  of  the  mint 
roused,  and  its  control   over  the   body   re-establi 
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rhe  whole  separate  endowments  of  life  in  the  different 
parts  resume  their  offices ; — the  last  in  the  train ;  only 
the  property  of  the  muscle  to  contract  is  alone  observed 
by  the  uninformed,  and  voluntary  motion  is  the  token  of 
satire  restoration. 

We  can  imagine  a  half-learned  person  to  act  very 
foolishly  in  the  attempt  to  restore  the  apparently 
drowned.  He  has  been  told  that  we  draw  in  vital  air, 
ind  breathe  out  what  is  unfit  to  support  life ;  he  imagines 
that  it  can  be  of  no  use  to  distend  the  lungs  of  the 
drowning  person  with  his  own  breath,  and  precious  time 
\m  lost.  Whereas,  the  mere  distension  of  the  chesty 
that  is,  of  the  lungs,  followed  by  the  compression  of  the 
chest,  and  again  by  the  distension,  and  so  on  alternately, 
is  the  play  of  the  lungs,  which  by  sympathy  draws  the 
heart  into  action,  and  in  succession  all  the  vital  organs. 
This  is  not  what  chemistry  teaches  ;  chemistry  shows  us 
that  the  vital  air  influences  the  blood;  and  it  is  true 
that  the  blood,  being  refreshed  or  impregnated  with  the 
▼ital  air,  renews  the  properties  of  lite.  But  this  effect 
on  the  blood  could  never  take  place  unless  there  were 
some  previous  consent  or  sympathy,  putting  the  organs 
into  operation.  We  repeat  that  the  consent  of  organs  is 
not  the  effect  of  mechanical  adaptation,  or  of  chemical 
action,  but  of  relation  established  among  the  vital  pro- 
perties. 

If  a  man  be  struck  by  lightning,  he  has  not  merely 
the  vital  operation  of  respiration  stopped,  as  in  the  case 
of  the  drowning  man,  in  whom  every  organ  continues  to 
possess  its  property  of  life ;  he  is  not  like  a  man  struck 
cm  the  head,  where  one  vital  organ  is  so  disturbed  that 
the  circle  of  vital  actions  is  broken ;  in  this  instance  the 
electric  fire  passes  through  every  fibre  and  every  organ ; 
all  the  qualities  of  life,  whether  residing  in  the  brain, 
nerve,  or  muscle,  arc  instantaneously  destroyed  ;  and  the 
moment  of  death  is  the  commencement  of  dissolution. 

Mr.  John  Hunter  illustrated  this  somewhat  familiarly. 
If  you  bruise  the  head  of  an  eel,  its  body  writho°  •  K"* 
if  it  be  taken  by  the  tail,  and  struck  on  the  i 
that  every  part  of  its  body  receive*  VJaa  ^ 
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all  the  parts -are  killed,  and  it  remains 
an  animal  is  killed  by  that  violence  which  iriu 
important  organ,  the  properly  of  life  remains  fa 
tain  time  in  every  part ;  those  parts  have  no  cow 
ence,  and  there  is  no  outward  token  of  life; 
vital  principle  is  still  capable  of  exhibiting  on 
most  important  properties;  it  arrests  the  oper 
those  chemical  affinities  which  belong  to  dead  ma 

Thus  the  reader  perceives,  that,  although  he  b 
to  comprehend  the  design  or  intention  manifest© 
structure  of  the  body  by  mechanical  instances  or 
risen*,  it  is  when  we  contemplate  the  influence 
JSvjngf  principle,  that  we  have  a  higher  convictic 
Omnipotence  which  has  formed  every  creatu 
every  part  of  each  creature,  with  that  appropriate 
mentof  life  which  suits  it  to  act  its  part  in  the 
system. 

We  must  learn  to  distinguish  between  the  deal 
animal  and  the  death  of  the  parte  of  the  animal — 1 
apparent  death  and  dissolution,  or  the  separation 
Quality  which  distinguishes  living  matter. 

Viewing  the  subject  generally,  as  Mr.  Hunt 
there  are  not  two  kinds  of  matter,  but  two  condi 
matter.  It  is  at  one  moment  forming  beautiful  • 
ations,  as  in  the  flower,  through  the  principle  of  ii 
at  another,  it  is  cast  away  as  noxious,  undergoing 
by  decomposition,  from  chemical  processes  sol  el 3 
want  of  combination  in  the  whole  animal  body 
apparent  death.  The  loss  of  life  in  all  the  par 
animal  body  is  absolute  death,  and  the  material  1 
subjected  to  the  influence  of  the  chemical  affinities 
of  being  urged  into  motion  by  life. 

The  jackstone  produces  motion  in  one  part  o 
chine ;  that,  varied  by  mechanical  influence,  is 
nicated  to  a  second ;  from  the  teeth  of  one  wh 
communicated  to  the  corresponding  leaves  of  the 
and  from  the  pinions  to  the  fusees.  But  wha: 
notion  it  is  to  suppose  that  the  mere  property  o 
in  the  jackstone  is  like  the  influence  of  life ! 
•  The  weight  is  the  power,  in  the  language  of  1 
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;  bat  it  does  not  reside  in  the  parts  of  a  machine, 
nor  does  it  exhibit  different  qualifications  in  these  jwirts. 
Separate  them,  and  they  are  nothing.  On  the  contrary, 
so  one  part  of  an  animal  body  is  in  this  manner  depend- 
ent on  another  for  its  property  of  life.  The  property  it 
inherent  in  the  part  itself,  and  the  wonderful  thing  is  that 
each  property  in  the  several  organs  corresponds  with  the 
others,  so  as  to  form  a  circle  of  vital  operations.  There 
it  no  transmission  of  power,  in  all  this,  from  part  to  part 
— -*k>  train  of  connection  to  be  traced  as  from  the  jack- 
stone,  or  the  spring,  along  the  parts  of  the  machine. 
There  is,  therefore,  in  truth,  no  resemblance  between 
machinery  and  the  influences  in  operation  in  a  living 
body.  What  is  to  be  admired  in  a  living  body  is  not 
merely  the  adaptation  of  bones,  muscles,  and  tendons, 
Jbrming  a  mechanical  apparatus,  but  rather  the  different 
qualities  which  life  bestows  upon  different  parts  ;  these 
qualities  put  the  parts  into  relation  each  according  to  its 
place  in  the  circle  of  the  economy  ;  and  among  innu- 
merable properties  of  life  in  the  individual  parts,  produce 
that  perfect  co-operation  as  if  one  principle  only  actuated 
the  whole. 

When  a  person  moves  under  the  direction  of  the  will, 
nothing  can  be  more  simple  to  our  understanding,  because 
ire  do  not  attempt  to  trace  the  links,  fur  less  to  estimate 
the  powers  in  the  several  parts  influenced  during  this 
faniliar  action.  But  if  there  be  the  slightest  diminution 
of  sensibility  of  one  nerve  so  that  it  shall  not  transmit 
sensation ;  or  if  there  be  any  disturlmnce  which  retards 
in  the  least  degree  the  transmission  of  the  will  along  ano- 
ther appropriate  nerve ;  if  the  muscle  be  benumbed,  or 
have  lost  its  irritability ;  if  the  action  of  the  blood-vessels 
has  been  either  diminished  or  increased  beyond  their 
ordinary  course,  either  in  the  organs  of  sense,  the  brain, 
or  nerves ;  we  are  appalled  by  the  consequences.  The 
fnipressions  of  things  are  not  felt ;  the  senses  are  unexer- 
cised ;  the  limbs  remain  inactive ;  one  half,  or  the  whole, 
of  the  body  is  a  load,  as  if  there  were  a  living  being  in  a 
dead  body — a  body  whose  parts  refuse  their  office,  ap- 
pearing dead,  though  they  are  not  so.     The  correspond- 
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cncc  of  their  living  qualities  has  alone  been  disturbed, 
the  movement  which  results  from  the  whole  is  stopped, 
and  there  is  apparent  death. 

What  confusion  then  must  be  engendered  in  the  mindi 
of  .those  who  would  confound  the  phenomena  of  life, as 
presented  in  the  entire  framework  of  the  body,  with  those 
separate  qualities  of  life  which,  residing  in  the  seven! 
parts,  must  enter  into  combination  for  the  motion  of  the 
whole !  The  next  step  of  this  unphilosophical  mannerof 
treating  the  subject,  is  to  make  the  organization  the  source 
of  the  living  property, — as  if  any  combination  of  organs 
could  produce  life, — as  if  those  organs  could  have  motion 
without  the  distinct  endowments  of  life  in  their  separate 
parts, — as  if  they  co-operated  mechanically,  and  not  mm  [ 
the  correspondence  among  their  living  properties.  Those 
who  thus  reason  mean  to  say  that  parts  are  made  so  finely 
as  to  move  of  themselves,  one  part  propelling  another, 
and  the  motion  of  the  whole  producing  life.  It  is  quite 
clear  that  this  confusion  of  ideas  arises  from  contemplat- 
ing the  phenomena  of  the  perfect  animal,  in  which  all 
intermediate  influences  are  confounded.  On  the  other 
hand  we  present  this  proposition. 

The  several  simple  substances  of  a  living  body  have 
each  an  endowment  of  life  bestowed  upon  them.  Let  as 
take  the  obvious  qualities,  of  sensibility — the  jK)wer  of 
transmission  —  and  the  power  of  motion ;  each  of  which 
is  appropriate  to  a  particular  substance.  When  these 
qualities  are  put  in  relation,  impressions  may  produce 
motion,  and  thus  there  are  three  distinct  properties  of  lite 
brought  into  operation.  Where  is  the  organization  or 
construction  here?  Without  those  living  endowment! 
these    parts  would   be  inoperative,  in  whatever  juita- 

Cosition  placed.  The  mechanical  construction  of  the 
ody  is  one  thing :  and  we  are  able  to  admire  it,  because 
it  can  be  illustrated  by  comparison  with  our  own  con- 
tri  varices  ;  the  combination  of  living  properties  is  another 
and  an  entirely  different  thing. 

We  here  reach  the  limit  of  philosophical  inquiry. 
Hitherto  all  has  been  flattering  to  the  pride  of  the  crea- 
ture ;  but  we  must  now  humbly  acknowledge  the  inscntf*  Iby 
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rays  of  the  Creator ;  and  ceasing  to  trace  the  origin 
,  more  than  we  do  that  of  gravitation,  we  should 
cupied  in  observing  its  laws,  not  in  exploring  its 

i  shall  take  an  instance  to  illustrate  the  difference 
it  the  mechanical  connection  of  parts  and  their 
>ns  through  the  living  properties;  and  it  will,  at 
me  time,  show  how  curiously  the  living  properties 
le  mechanical  properties  are  made  to  correspond 
?ach  other. 

stream  of  water  is  converted  into  a  mechanical 
-;  it  fills  a  cistern,  which  is  attached  to  a  lever; 
iatern  descends  by  the  weight  of  water;  by  its 
ot  a  valve  is  pushed  open  ;  the  water  escapes,  and 
stem  ascends,  and  remains  so,  till  the  stream  flow- 
to  it  again,  depresses  it.  Thus  the  regularity  of 
ipply  of  water  gives  regularity  of  motion  to  the 
ne.     Compare  this  with  the  heart 


i  the  blood  returning  by 


tension  produces  action,  ana  tne  propulsion 
from  the  cavity  allows  a  momentary  state 
another  volume  of  the  blood  excites  anothei 

But  we  have  now  to  observe,  that  when  tl 
or  muscular  power  was  bestowed  upon  the 
directed  by  a  law  entirely  different  from  th 
as  possessed  by  other  muscles.  A  property 
activity  and  rest  was  given  to  it,  quite  un 
tractility  of  other  parts ;  and  accord  iugly  w] 
is  empty,  when  there  is  no  distension  of  blc 
two  cavities  will  continue  their  alternate  act 
the  heart  be  taken  from  the  animal  recently 
continue  to  act  in  regular  successive  pulses, 
cavity,  and  then  the  other,  and  so  on  succi 
long  time,  until  the  life  be  quite  exhauster 
cavities  will  thus  continue  in  alternate  actio 
were  employed  in  the  office  of  propelling  the 
there  is  no  blood  contained  within  them, 
fluous  to  observe,  that  no  such  thing  could  fa 
case  of  the  cistern  and  lever,  were  thettreai 
cease  running. 

Thus  wc  distinguish  two  things  quite 
mechanical  or  hydraulic  provision,  by  which 
cisterns,  the  auricle  and  ventricle,  shall  be  r 
plied,  and  alternately  filled  and  emptied — c 
perty  of  contraction  in  the  heart ;  not  a  mer 
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y  through  a  long  life.  The  living  property  of 
*t  exhibits  a  variety  adapted  to  its  office,  and  a 
ndence«still  more  admirable  than  the  mechanical 

•e  thus  particular  in  distinguishing  the  mecha- 
aptation  of  parts  from  the  co-operation  of  the 
luences  residing  in  the  several  parts ;  for  there 
r  who  will  take  the  illustration  from  mechanics, 

*  their  inquiry  there,  and  who  entertain  a  con- 
tion  of  the  dependence  of  the  life  of  the  body  on 
anism. 

icr  mistake,  which  some  philosophical  inquirers 
i,  is  to  fancy  that  the  principle  of  life  is  of  a 
nature.  There  is  indeed  an  unwillingness  in 
cknowledge  that  their  powers  of  reason  are  ex- 
and  that  they  have  arrived  at  an  ultimate  stage ; 
jld  fain  set  up  some  contrivance  to  hide  the  hu- 
;  truth.  Whatever  notions  have  prevailed  in  the 
it  different  epochs,  of  heat,  electricity,  or  gal* 
we  find  an  attempt  to  explain  the  phenomena  of 
in  application  or  the  powers,  with  which  they 
m  successful  in  their  physical  inquiries.  Expe- 
without  reason  are  equally  delusive  with  bypo- 
those  who  will  not  give  themselves  the  labour 
•ht,  desire  to  witness  striking  phenomena ;  won* 
:k,  they  believe  that  they  are  engaged  in  expe- 
investigation,  when  their  state  of  mind  is  little 
jan  idle  amazement.     A  calf  s  head  is  made  to 

*  a  man  cut  down  from  the  gallows  to  move  like 
3f  cards  pulled  with  strings ;  the  jaws  move,  and 
roll,  ana  this  is  done  by  conveying  the  galvanic 
the  nerves ;  here  it  is  supposed  that  nothing  less 
;  principle  of  life  itself  can  work  such  wonders, 
galvanism  is  this  principle. 

g  aside  the  circumstance  already  stated,  of  life 
ig  totally  different  phenomena  in  union  with  dif- 
irts,  is  there  any  point  of  resemblance  between 
n  and  life  ?  Does  tying  the  nerve  stop  the  in- 
of  galvanism,  as  it  does  the  influence  of  life  ? 
I  vanism  course  along  a  cord  when  it  is  surrounded 


*■ 


Dutea.to  lis  oemg  a  nign  stimulus  conveye 
moist  animal  body,  and  exciting  the  powers 
insulated   in  the  several  parts;   and  in 
forces,  far  from  renewing  them,  it  exhaui 
gether. 

The  uses  made  of  galvanism  in  the  exp 
living  phenomena,  should  make  sensible  me; 
how  they  carry  the  legitimate  induction 
science  into  another  department.  They  ^ 
to  call  the  irritability  or  contractility  oi 
endowment  of  life,  but  seek  to  explain  it  b 
They  employ  the  microscope;  they  fine 
fibre  to  be  some  thousandth  part  of  an  inc 
they  see  plicae  or  folds ;  they  imagine  tl 
into  which  the  fibres  are  divided;  they 
cells  with  two  different  gases,  and  explode 
galvanic  influence  of  the  nerves ;  and  th 
dilating  the  cells  in  one  direction,  causes  1 
in  another.     This  is  the  theory  of  muscula 

Eeriod  of  the  discovery  of  the  gases ;  and 
ypothesis,  supposed  applicable  to  the  la 
companies  every  considerable  improvemen 
In  the  most  modern  and  the  most  populs 
on  Physiology,  by  Mons.  Richerand,  he 
appears  to  me  by  much  the  most  ingenioi 
which  carries  with  it  the  greatest  proba 
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*  it  is  also  necessary  to  suppose,  that  a  nervous 
iirected  through  the  muscle  to  determine  the 
sition,  as  the  electric  spark  forms  water  out  of 
s." 

is  the  chemical  theory  of  muscular  motion ;  it 
n  entire  misunderstanding  of  the  phenomena  of 
motion,  and  of  the  beautiful  provision  in  every 
)r  its  appropriate  office.  The  muscles,  which 
Tvient  to  the  organs  of  sense,  differ  in  their 
s  altogether  from  the  voluntary  muscles  of  the 
The  hollow  muscles,  as  they  are  termed,  those 
rry  down  the  food,  and  which  carry  round  the 
circulation,  vary  in  their  time  and  manner  of 
cording  to  their  offices;  but  what  conception 
ve  of  such  adjustment  of  powers,  who  is  enter- 
imself  with  a  theory,  that  supposes  a  sudden 
to  take  place  in  the  fibres  of  the  muscle  at  their 
Jtion  ?  Inductive  reasoning,  which  has  carried 
ie  highest  acquirements  in  physical  science,  is 
aside ;  conjectures  totally  inconsistent  with  the 
1a  of  life  are  employed  in  its  stead ;  and  the 
ilosopher  becomes  a  very  indifferent  physio- 
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umot  this  head  are  comprehended,  not  sary  w&t 
or  feeling  of  the  mind,  but  the  sensations  of  the.  1 

We  form  oar  notions  ^f  sensibility  from  that 
skin ;  and  it  is  no  doubt  necessary  that  we  shook 
It  is  in.  constant  communication  with  things  are 
and  affected  by  their  qualities ;  it  affords  u»  infer 
which  corrects  the  notions  received  from  the  other 
of  sense,  and  it  excites  oar  attention  to  preset 
bodies  from  injury.  We  are  so  familiar  with  the 
effects  of  in  janes  npon  the  surface,  that  there  is 
who  does  not  imagine  that  the  deeper  the  inju 
more  dreadful  the  pain.  But,  on  the  contrary, 
well-established  fact,  that  to  such  irritants  as  won 
the  skin  pain,  the  internal  parts  are  totally  ins* 
And  it  is  equally  certain,  that  though  the  nerves, 
struments  of  sensation,  are  incapable  of  producii 
perception  without  the  brain,  yet  the  brain  itself,  tl 
which  is  the  seat  of  intellect,  and  to  which  every  i 
sion  must  be  referred  before  we  become  conscious 
is  itself  as  insensible  as  leather.  These  considc 
show  us  that  sensibility  to  pain  is  not  a  necessary 
of  life,  and  they  naturally  lead  to  the  inquiry  f'oi 
purpose  is  sensibility  bestowed,  and  how  is  it  disti 
in  tne  body  ? 

We  have  first  to  show  that  the  skin  has  sensi 
exactly  suited  to  the  functions  it  has  to  perform.  £ 
no  doubt  informs  us,  that  warmth  and  cold  are  on] 
tive  degrees  of  heat ;  to  the  skin  they  are  distinct 
tions,  and  excite  in  different  ways  both  the  mind  i 
bodily  functions.  Cold  braces  and  animates  to  ei 
whilst  the  warmth  which  is  pleasant  to  us,  is  geni 
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Derations  of  the  animal  economy.    Their  alternations 
he  most  constant  sources  of  our  enjoyment,  and  at 
ime  time  conduce  to  exertion  and  to  health.     All 
however,  belongs  to  the  skin  exclusively;   parts 
lal,   although   peculiarly  sensible  to  their  proper 
[us,  give  no  indication  of  sensibility  to  heat ;  it  there 
;ernal  sensations  of  heat,  they  are  morbid  and  decep- 
Molten  lead  would  produce  pain  and  death  being 
d  into  the  interior  of  the  body,  but  the  sensation  of 
ng  is  a  property  of  the  surface  only.     It  is  the  ex* 
f  that  particular  sensation,  which  is  calculated,  like 
her  endowments  of  the  skin,  to  suit  the  medium  in 
i  we  live,  and  to  force  us*  to  the  regulation  of  the 
;rature  necessary  to  preserve  life, 
iich,  or  the  sensibility  to  bodies  pressed  upon  the 
is  likewise  a  distinct  and  appropriate  sense.     The 
rility  of  the  skin  to  pricking,  cutting,  or  tearing,  is 
i  curious  contrast  with  the  sensibility  of  the  solid 
al  textures,  as  bone,  cartilage,  and  ligament.     We 
trrived  at  the  full  comprehension  of  this  subject  very 
r.     Disagreeable  experiments  hare  been  made,  but 
Uowing  is  as  interesting  as  it  was  innocently  per- 
d.    A  man  who  had  his  finger  torn  off,  so  as  to 
by  the  tendon  only,  came  to  a  pupil  of  Dr.  Hunter, 
all  now  see,"  said  the  surgeon, "  whether  this  man 
ty  sensibility  in  his  tendon."     He  laid  a  cord  along 
lger,  and,  blindfolding  the  patient,  cut  across  the 
i.     "  Tell   me,"   he  asked,    "  what  I  have  cut 
?"     "  Why,  you  have  cut  across  the  cord,  to  be 
was  the  answer.     By  such  experiments  it  became 
nanifest,  that  bone,  gristle,  and  ligament,  were  in- 
le  to  pricking,  cutting,  and  burning.     Were  they, 
ore,  insensible  ?     The  reader  will  answer — Surely, 
matter  proved.     But  before  we  finally  decide,  let 
3  this  into  consideration, — that  the  sensibilities  of 
dy  differ  in  kind  as  well  as  in  degree ;  and  every 
ias  its  peculiar  kind,  as  well  as  its  degree ;  and 
part  has  its  kind  of  sensibility  with  reference  to  its 
»n,  and  also  with  reference  to  its  protection  from 
3e.    If  the  membranes  between  the  bones  of.  our 
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great  joints,  or  the  cords  which  knit  the  bones,  wei 
sible  in  the  same  manner  and  degree  with  the  sk 
should  be  incapable  of  motion,  and  screwed  to  our 
as  the  man  appears  to  be  who  has  a  violent  att 
acute  rheumatism. 

But  although  these  bones  and  cartilages,  or  g 
and  ligaments,  be  not  sensible  as  the  skin,  or  the 
of  the  eye,  they  possess  that  which  is  suited  U 
condition,  which  permits  their  free  use,  and  yet 
that  too  free  exercise  which  would  be  injurious  t 
textures,  or  raise  inflammation  in  them.  The  lig 
and  tendons,  then,  which  are  insensible  to  prickin 
ting,  and  burning,  are  sensible,  nevertheless,  to  s 
ing  and  tearing !  It  is  remarkable  that  such  men 
Hunter  and  Ha]ler,  the  luminaries  of  their  & 
should  have  held  the  opinion  that  the  bone  and  the 
brane  which  covers  it  (the  periosteum),  the  gris 
cartilages,  the  ligaments  of  joints,  and  the  tend 
muscles  were  insensible  parts,  and  yet  be  in  daily  i 
ance  on  those  who  suffer  the  pain  of  a  sprained 
where  there  are  no  parts  to  suffer  but  those  enumt 
and  where  the  pain,  excessive  in  degree,  was  felt 
instant  of  the  sprain.  These  considerations  explaij 
that  pain  is  the  safeguard  of  the  body.  This  capat 
conveying  painful  impressions  to  the  mind  is  not  giv 
perfluously  to  all  parts ;  on  the  contrary  the  safe  e: 
and  the  enjoyment  of  every  part  is  permitted  u 
alloy,  and  only  the  excess  restrained. 

This  subject  is  finely  illustrated  by  the  apparent 
sibility  of  the  heart.  The  observation  of  the  ado 
Harvey,  the  discoverer  of  the  circulation  of  the  bit 
to  this  effect.  A  noble  youth  of  the  family  of 
gomery,  from  a  fall  and  consequent  abscess  on  th 
of  the  chest,  had  the  interior  marvellously  expos 
that  after  his  cure,  on  his  return  from  his  traw 
heart  and  lungs  were  still  visible  and  could  be  ha 
which  when  it  was  communicated  to  Charles  I.,  i 
pressed  a  desire  that  Harvey  should  be  permitted 
the  youth  and  examine  his  heart.  "  When,"  say! 
vey,  **  I  had  paid  my  respects  to  this  young  nob 
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onveyed  to  him  the  king's  request,  he  made  no  con- 
tent, but  exposed  the  left  side  of  his  breast,  when  I 
i  cavity  into  which  I  could  introduce  nay  fingers  and 
b ;  astonished  with  the  novelty,  again  and  again .  I 
►red  the  wound,  and  first  marvelling  at  the  cxtra- 
ary  nature  of  the  cure,  I  set  about  the  examination 
ie  heart.  Taking  it  in  one  hand  and  placing  the 
r  of  the  other  on  the  pulse  at  the  wrist,  I  satisfied 
If  that  it  was  indeed  the  heart  which  I  grasped.  I 
brought  him  to  the  king,  that  he  might  behold  and 

I  so  extraordinary  a  thing,  and  that  be  might  perceive, 
did,  that  unless  when  we  touched  the  outer  skin,  or 
i  he  saw  our  fingers  in  the  cavity,  this  young  noble- 
knew  not  that  we  touched  the  heart !"  Other  op- 
tions confirm  this  great  authority,  and  the  heart  is 
ired  insensible.  And  yet  the  opinions  of  mankind 
not  be  lightly  condemned.  Not  only  does  ewery 
ion  of  the  mind  affect  the  heart,  but  every  change 
ie  condition  of  the  body  k  attended  with  a  corre- 
iing  change  in  the  heart :  motion  during  health — 
ofluence  of  disease — every  passing  thought — will  in- 
ce  it.  Here  is  the  distinction  manifested.  Thesen- 
ty  of  the  skin  is  for  a  purpose,  and  so  is  the  sensi- 
r  of  the  heart.  Whilst  the  skin  informs  us  of  the 
ties  of  the  external  world  and  guards  us  against  in- 
from  without,  the  heart,  insensible  to  touch,  is  yet 
to  every  variation  in  the  constitutional  powers,  and 
ct  to  change  from  every  internal  influence. 

lere  is  in  the  several  organs  of  the  body,  as  it  were, 
tinct  life ;  that  is,  they  possess  sensibility,  the  grand 
wment  of   life,  necessary  to  their  condition   and . 
ted  to  their  appropriate  stimulus.     The  impressions 
>  upon  them  will  sometimes  rouse  them  into  activity, 

II  muscles  into  action  which  are  necessary  to  their 
ions  or  for  their  protection;  and  this  oftentimes 
:>ut  reference  to  the  mind  at  all,  and  consequently 
Diit  our  consciousness. 

rhaps  we  have  the  most  agreeable  example  of  this 
e  eye.  That  organ  has  been  selected,  in  the  Pre- 
ary   Discourse  of  the   Objects  and   Pleasures  of 

\Ij.  IV.  2S" 


ANIMAL  MEOUSIC8. 

Science,  m  showing  how  mechanical  advantage 
in  the  arrangement  of  the  muscles  to  produce  vel 
movement  in  guarding  the  eye.  But  this  fine  mc 
would  be  lost  if  the  excitement  depended  on  oui 
if  there  were  not  a  sensibility  appropriate  to  the 
and  an  influence  quicker  than  thought.  It  is  not 
ing  the  pain  of  the  offensive  body,  or  by  eatim: 
dangers  and  acting;  on  the  conviction,  that  we  c 
eve  to  avoid  injuries.  This  would  be  an  operatio 
slow  for  the  intended  purpose ;  and  therefore  the 
possessing  these  extraordinary  provisions,  are  put 
tton  with  a  sensibility  more  admirable  still.  So 
light  foreign  body  touches  the  eyelashes,  they  giv 
and  cause  a  motion  both  of  the  eyelids  and  eyeball 
than  thought  The  eyelashes,  seated  on  the  ter 
tremities  of  sensitive  nerves,  preserve  the  eye 
ways— by  guarding  its  interior  from  the  lateral  li| 

S exciting  the  motion  of  the  eyelids,  even  bei 
msive  body  can  touch  the  eye's  surface. 
We  may  take  another  illustration  to  show  how 
lily,  one  of  the  endowments  of  the  living  part,  is  i 
to  the  mechanical  organization,  and  with  an  appro 
more  admirable  than  the  mechanism.     When  w< 
of  the  sensibility  of  the  skin,  it  is  still  possible  to  i 
ceive  its  nature,  and  to  suppose  it  accident  merel 
in  the  instance  to  be  adduced,  the  sensibility  is  dil 
and  it  is  put  in  connection  with  a  hundred  muscles 
out  this  high  and  peculiar  sensibility,  and  its  mul 
relations  to  muscles,  independent  of  volition,  th 
chanism  we  are  about  to  describe  would  be  quite  us 
^  The  top  of  the  windpipe  is  called  the  larynx,  an 
sists  of  five  elastic  cartilages.    These  do  not  merely 
the  sides  of  the  windpipe  apart,  and  the  passage  f( 
breath  free,  but  they  perform  offices  important  t 
economy  both  of  body  and  mind ;  they  are  an  essentia 
of  the  instrument  of  voice ;  they,  at  the  same  time, 
the  lungs  from  injury. 

The  thyroid  cartilage  is  the  largest  of  the  cartilaj 
the  larynx ;  it  is  that  we  feel  projecting  on  the  fon 
of  the  throat  called  the  pomum  adami,  (a.)     It  is  i 


on  to  the  fine  apparatus  behind  it,  and  indeed  thii  is 
reason  of  its  name,  {scutiform,  like  a  shield.)  Within 
thyroid  stand  the  arytamid  cartilages,  (b.)  This 
ila^e  is  of  an  irregular  triangular  form.  It  is  socketed 
irticulated  on  the  cartilage  below,  and  is  perfectly 
r  which   projects  forwards  the 


able.    To  the  c 


ment  (b)  is  fixed,  and  to  its  other  sides  five  little 
eles  are  attached  ;  these  muscles,  by  moving  the  car- 
te, draw  and  vary  the  position  of  the  ligament.  It  is 
e  cartilages  and  this  ligament,  which,  vibrating  in  the 
im  of  air,  give  the  tremor,  and  vocalize  the  breath ; 
tones  so  produced  are  articulated  in  speech. 
'his  is  a  subject  far  from  being  exhausted  in  our  phi- 
phical  works,  and  may  call  for  observation  after- 


272  ANIMAL  MECHANICS. 

wards ;  but  at  present  we  may  ltok  on  these  ligs 
not  as  the  cordcn  vocales,  bat  in  another  of  their  oi 
forming  the  slit  which  opens  and  shots  in  breathi 
the  protection  of  the  lungs.  But  here  it  is  perti 
remark,  that  in  the  structure  of  an  animal  bo< 
organ  is  made  nbservient  to  several  functions,  • 
interference  in  the  performance  of  any  of  them, 
especially  true  of  the  larynx.  It  is  one  of  the 
only^  and  the  least  important,  that  we  hare  at  pit 
observe. 

The  ligaments  being  invested  with  the  linin 
or  membrane  of  the  wind-pipe,  draw  it  into  the 
a  slit  like  the  till  of  a  shop  counter,  and  this  is  th 
of  the  glottis,  (rima  glottidis. )  This  slit  opens  an< 
with  every  inspiration,  moving  as  we  see  the  nos 
in  breathing.  But  the  most  admirable  thing  of  a 
acute  sensibility  given  to  this  part,  and  to  no  o\ 
that  the  lightest  husk,  or  seed,  or  smallest  fly,  d 
with  the  breath,  and  touching  the  margin  of  the 
is  caught  there  by  the  rapid  action  of  the  muse 
consequent  closing  of  the  aperture.  Now  were  t 
vision  for  the  protection  of  the  lungs  to  be  only  t 
perfect,  there  would  be  an  effectual  means  of  pre 
the  intrusion  of  foreign  matter  into  the  delicate  ■ 
the  lungs,  but  not  for  its  expulsion  from  the  e 
which  it  had  reached.  Accordingly,  although  t 
sibility  of  the  glottis  is  put  in  operation  with  the  s 
of  the  chink,  it  also  animates  another  class  of  m 
viz.  all  those  which,  seated  on  the  chest,  comj 
and  force  out  the  air  in  coughing  ;  and  these  cor 
in  one  powerful  and  simultaneous  effort,  whilst  tin 
is  closed,  overcome  that  constriction,  and  pro 
breath  through  the  contracted  pipe  with  an  o 
force,  which  brushes  off  the  offending  body.  '1 
one  thing  more,  necessary  to  this  most  important 
familiar  action  ; — the  lungs  are  never  empty  of 
breathing  we  do  not  fully  expel  the  air  ;  if  we  di< 
would  be  a  period  of  danger  occurring  seventee 
in  a  minute ;  for  in  the  first  part  of  each  in.* 
something  might  be  drawn  into  the    wind-pi]* 
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would  suffocate.  But  by  this  provision  of  air  retained 
in  the  lungs  more  than  necessary  to  respiration,  and 
which  it  is  possible  to  expel  by  a  more  forcible  expira- 
tion, there  is  always  a  possibility  of  coughing  and  ex- 
pelling the  offensive  thing  at  any  point  of  time  in  the  act 
of  inspiration. 

The  sensibility  seated  in  a  spot  of  the  throat  so  bene- 
ficently, does  not  extend  into  the  wind-pipe;  for  we 
cannot  more  admire  the  perfect  adaptation  of  this  living 
property,  than  the  circumstance  of  its  never  being  be- 
stowed in  a  superfluous  degree,  nor  extended  where  it  is 
not  absohnely  required.  Just  as  the  sensibility  of  the 
dun  protects  the  parts  beneath,  so  in  the  same  manner 
does  the  sensibility  of  the  top  of  the  wind-pipe  protect 
all  the  interior  of  the  tube,  and  the  lungs  themselves, 
without  the  necessity  of  this  property  of  irritability  ex- 
tending through  the  whole  continuous  surface. 

The  simple  act  of  sneezing  affords  a  very  curious  in- 
stance of  the  mutual  adaptation  of  muscular  activity  and 
the  governing  sensibility.  The  sensation  which  gives 
rise  to  this  convulsive  act  is  seated  in  the  membrane  of 
the  interior  of  the  nostrils,  and  we  are  not  surprised  with 
the  difference  of  sensation  from  that  in  the  throat  which 
excites  coughing.  But  is  it  not  a  very  curious  thing  to 
find  some  twenty  muscles  thrown  out  of  .the  action  ex- 
cited by  irritation  of  the  nose;  and  as  many  excited 
which  were  not  in  the  class  of  those  influenced  in  cough- 
ing ;  and  for  the  very  obvious  purpose  of  shutting  the 
passage  by  the  mouth,  or  at  least  forcibly  driving  the  air 
through  the  nostrils  ?  No  act  of  the  will  could  so  suc- 
cessfully propel  the  air  through  the  nose  in  such  a  way 
as  to  remove  the  offensive  and  irritating  particles  from 
the  membrane  of  the  nose,  and  clear  those  passages. 

These  last  examples  of  an  appropriate  sensibility  might 
introduce  us  to  an  acquaintance  with  those  internal  sen- 
sibilities which  govern  the  actions  of  parts  quite  removed 
from  the  influence  of  the  will ;  but  the  description  of 
them  may  be  deemed  unnecessary.  We  shall  just  hint 
at  the  guard  which  nature  has  placed  on  the  lower  orifice 
of  the  stomach,  to  check  the  passage  which  \\i«  w£\*&ta» 
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of  hunger  and  thirst  may  have  given  at  the  upper  orifice 
(a)  toaliments  not  easy  of  digestion.  This  lower  orifice 
(c)  is  encircled  with  a  muscular  ring ;  the  ring  is  in  the 
keeping  of  a  watchful  guard.  If  we  are  employing  the 
language  of  metaphor,  it  is  of  ancient  use.  The  Greeks 
called  tiiis  orifice  pylo?w,  which  signifies  a  porter,*  sad 
his  office  is  this.— When  the  stomach  has  received  the 
food,  it  lies  towards  the  left  extremity,  or  is  slightly  agi- 
tated there.  When  the  digestive  process  is  accomplished, 
the  stomach  urges  the  food  towards  the  lower  orifice. 
If  the  matter  be  bland  and  natural  it  passes,  and  no  sen- 
sation is  experienced.  But  if  crude  and  undigested 
matter  bo  presented,  opposition  is  ottered  to  its  passage, 
and  a  contention  is  begun  which  happily  terminates  ia 
the  food  being  thrown  again  to  the  left  extremity  of  the 
stomach,  to  be  submitted  to  a  more  perfect  operation  of 
the  digestive  powers  seated  there.  It  is  during  this 
unnatural  retrograde  movement  of  the  food,  that  men  are 
made  sensible  of  having  a  stomach.  Yet  the  sensations, 
how  unpleasant  soever,  are  not  to  be  regarded  as  a 
punishment,  but  rather  as  a  cell  on  reason  to  aid  the  in- 
stinctive powers,  and  to  guard  against  disease,  by  pre- 
venting impure    matter  from   being  admitted   into  the 

*  The  npper  orifice  was  colled  by  them  ampkagw*,  as  it 
were  the  purveyor,  from  Wo  -wovis  ttap&ring  to  bring  food, 
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>rtion  of  the  intestinal  canal,  which  absorbs,  and  would 

us  carry  those  impurities  into  the  blood  to  engender 

sease. 

Such  are  a  few  examples  of  the  variety  in  the  sensi- 

lities  of  the  animal  frame;  guarding  us  against  ex- 

rnal  influences  when  they  would  threaten  destruction 

the  framework,  and  adjusting  the  operations  of  in- 
rnal  parts  too  complicated  and  too  remotely  situated  for 
ie  superintendence  of  reason. 

Medical  authors,  without  being  empirics,  do,  notwith- 
anding,  take  great  advantage  of  our  ignorance.  We 
in  all  of  us  take  warning  from  the  sensations  experienced 
i  the  process  of  digestion,  and  there  can  be  no  harm  in 
iving  every  man  a  confidence  in  the  sensibility  of  his 
Omach,  and  in  it3  indications  of  healthy  or  disturbed 
dictions.  We  have  the  best  proof  of  what  we  wish  to 
culcate  in  the  action  of  the  ruminating  stomach.  A 
•w  swallows  the  gross  herbage,  and  fills  its  large  first 
Hnach.  When  it  chews  the  cud,  the  stomach,  by  its 
tion,  rolls  up  the  grass  into  distinct  pellets,  or  balls, 
th  as  much  regard  to  the  office  of  its  being  rejected 
o  the  mouth  as  we  do  in  masticating  for  swallowing, 
lien  the  ball  is  brought  into  the  mouth  and  chewed, 
is  again  swallowed ;  but  in  descending  into  the  lower 
rt  of  the  gullet  a  muscle  draws  close  the  aperture  by 
iich  it  passed  into  the  large  stomach  in  the  first  in- 
nce,  and  it  is  now  ushered  into  a  second  stomach,  and 

successively  onwards  to  that  stomach  in  which  the 
Testion  is  performed.     The  curious  muscular  apparatus 

which  this  is  accomplished  needs  not  be  described ; 
t  surely  the  sensibility  which  directs  it,  which,  kept 
Irt  altogether  from  the  will,  is  yet,  in  its  results,  so 
e  the  operations  of  reason,  presents  a  subject  of  just 
miration. 

The  elastic  structure  of  the  camel's  foot ;  the  provi- 
ti  around  its  eyes  for  ridding  them  of  offensive  par- 
ies ;  the  power  of  closing  its  nostrils  against  the  clouds 
Band  ;  and  its  endurance  of  fatigue — would  not  enable 
to  pass  the  desert,  unless  there  were  provisions  for  the 
Ignaent  of  water  in  its  stomach,  and  unless  this  appa- 
lls were  animated  by  peculiar  sensibilities ;  for  there 
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are  muscles  to  retain  the  fluid  in  the  cells  of  its  si 
only  permitting  it  to  ooie  out  according  to  the  net 
of  the  animal ;  and  there  is  a  muscle,  represented  in  the 
figure  above,  which  pulls  up  the  one  or  the  other  of  the 
orifices  of  the  different  stomachs  to  receive  the  food  fro* 
the  lower  end  of  the  gullet,  according  to  its  condition, 
whether  to  be  deposited  merely  as  in  a  store,  ■  ""  '" 
submitted  to  the  operation  oF digestion. 

The  surprising  thing  in  all  this,  is  not  so  much  the 
mccijimiciil  provision  as  the  governing  sensibility.  Wait, 
for  example,  should  in  the  first  place  impel  the  grocer  | 
food,  when  collected,  into  the  first  stomach  ?  WW  I 
should,  in  the  nest  place,  and  after  rumination  and  ma-  I 
tication  in  the  mouth,  carry  it  into  the  third  stomach;  I 
since  water  is  carried  into  neither  of  these,  but  into  the  | 
cells  of  the  semnd  stomach'/ 

Yet,  after  all,  this  only  brings  us  hack  to  a  sense  of  | 
the  operations  of  our  own  bodies.  The  act  of  swalto*-  ' 
ing,  the  propulsion  of  the  (bod  into  the  gullet,  and  tl»'  I 
temporary  closing  of  the  windpipe  at  Such  a  time,  is  jw'  I 
as  mi-prising-.  This  latter  operation  is  never  deranged  | 
but  by  (he  interference  of  the  will.  If  the  inditiil'sl  l 
attempts  to  S|>eak,  that  is,  to  govern  these  parts  by  (h*  I 
will,  when  they  should  be  left  lo  these  instinctive" op*- 
rations ;  or  if  terror,  or  some  such  mental  eicitcmctit,  I 
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prevail  at  the  moment  of  swallowing,  then  the  morsel 
may  stick  in  the  throat. 

All  this  shows  how  perfect  the  operations  of  nature 
tre,  and  how  well  it  is  provided  that  the  vital  motions 
should  be  withdrawn  from  the  control  of  reason,  and 
even  of  volition,  and  subjected  to  a  more  uniform  and 
certain  law. 

But  the  point  to  which  we  would  carry  the  reader  is 
this,  that  though  there  are  the  proper  sensibilities  of  the 
body,  with  reference  to  perception  or  consciousness,  yet 
there  are  others  no  less  curious,  which  control  the  inter- 
nal operations  of  the  economy ;  and  that  the  mechanical 
provisions  are  but  a  type  of  what  is  promised  to  him 
who  will  look  into  the  sensibilities  of  the  body  for  the 
proof  of  power  and  contrivance. 

Now  the  human  stomach,  though  not  so  complicated 
In  its  apparatus  of  macerating  and  digesting  vats,  is  pos- 
sessed of  a  no  less  wonderful  degree  of  governing  sensi- 
bility, which  may  be  trusted  as  surely  as  the  most  skilful 
physiologist. 

We  are  told  that  we  must  not  drink  at  meals,  lest  the 
fluid  interfere  with  the  operation  of  digestion ;  of  this 
there  need  be  no  apprehension.  The  stomach  separates, 
and  lets  off  with  the  most  curious  skill,  all  superfluous 
fluid  through  its  orifice,  while  it  retains  the  matter  fit 
far  digestion.  It  retains  it  in  its  left  extremity,  per- 
mitting the  fluid  to  pass  into  the  intestines,  there  to  sup- 
ply the  other  wants  of  the  system  no  less  important 
than  the  digestion.  The  veterinary  professor  Coleman 
ascertained  that  a  pail  of  water  passed  through  the  sto- 
mach and  intestines  of  a  horse,  at  the  rate  of  ten  feet  in 
the  minute,  until  it  reached  the  caecum.  Drinking  at 
a  stated  period  after  meals,  say  an  hour,  is  at  variance 
with  both  appetite  and  reason.  The  digestion  is  then 
effectually  interfered  with  ;  for  what  was  solid  has  be- 
come a  fluid,  (the  chyme.)  This  fluid  is  already  in  part 
assimilated  ;  it  has  undergone  the  first  of  those  changes 
which  fit  it  ultimately  to  be  the  living  blood ;  and  the 
drink  mixing  with  this  chyme  in  the  inferior  extremity 

K  3 
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of  the  stomach,  or  first  intestine,  must  produce  disturb- 
ance, and  interrupt  the  work  of  assimilation. 

Looking  in  this  manner  upon  the  very  extraordinary 
properties  of  the  stomach,  we  perceive  how  natural  it 
was  for  physicians  to  give  a  name  to  the  sensibility  of 
which  we  have  been  speaking.  The  Archeus  of  Van 
Helmont,  the  Anima  of  Stahl,  were  the  terms  used  to 
designate  this  nature,  principle,  or  faculty,  subordinate 
to,  and  distinct  from  perception  ; — a  notion  entertained, 
and  more  or  less  distinctly  hinted  at,  by  philosophers 
from  Pythagoras  to  John  Hunter. 

A  modernphilosopher,*  of  whom,  in  this  instance,  it 
would  be  difficult  to  say  whether  he  be  serious  or  play- 
ful, with  some  plausibility,  however,  asserts  that  it  might 
be  possible  to  carry  on  the  business  of  life  without  pain. 
If  animals  can  be  free  from  it  an  hour,  they  might  enjoy 
a  perpetual  exemption  from  it.  Animals  might  be  con- 
stantly in  a  state  of  enjoyment ;  instead  of  pain,  they 
might  feel  a  diminution  of  pleasure,  and  might  thus  be 
prompted  to  seek  that  which  is  necessary  to  their  ex- 
istence. 

In  the  lower  creatures,  governed  by  instinct,  there 
may  be,  for  aught  we  know,  some  such  condition  of  ex- 
istence. But  the  complexity  and  delicacy  of  the  human 
frame  is  necessary  for  sustaining  those  powers  or  attri- 
butes which  are  in  corrcsjjondencc  with  superior  intelli- 
gence ;  since  they  are  not  in  relation  to  the  mind  alone, 
but  intermediate  between  it  and  the  external  material 
world.  Grant  that  vision  is  necessary  to  the  develope- 
ment  of  thought,  the  organ  of  it  must  be  formed  with 
relation  to  light.  Speech,  so  necessary  to  the  develop- 
ment of  the  reasoning  faculties,  implies  a  complex  and 
exceedingly  delicate  organ,  to  play  on  the  atmosphere 
around  us.  It  is  not  to  the  mind  that  the  various  or- 
ganizations are  wanted,  but  to  its  condition  in  relation  lo 
a  material  world. 

The  necessity  of  this  delicate  structure  being  admitted, 
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it  must  be  preserved  by  the  modifications  of  sensibility, 
which  shall  either  instinctively  protect  the  parts,  or  rouse 
as  into  powerful  and  instantaneous  activity.  Could  the 
eye  guard  itself,  unless  it  possessed  sensibility  greater 
than  the  skin  V  Could  it  guard  itself,  unless  this  sensi- 
bility were  in  consent  with  an  apparatus  which  acted  as 
quick  as  thought  V  Could  we,  by  the  mere  influence  of 
pleasure,  or  by  any  cessation  or  variation  of  pleasurable 
feelings,  be  made  alive  to  those  injuries  which  might 
reach  the  lungs  by  substances  being  carried  in  with  the 
air  we  breathe  ?  Is  there  anything  but  the  sense  which 
gives  rise  to  the  apprehension  of  suffocation,  that  would 
produce  the  instant  and  sudden  effort  which  could  guard 
the  throat  from  the  intrusion  of  what  was  offensive  or 
injurious  ?  Pleasure  is  at  the  best  a  poor  motive  to  ex- 
ertion, and  rather  induces  to  languor  and  indulgence, 
and  at  length  indifference.  To  say  that  animals  might 
be  continually  in  a  state  of  enjoyment,  and  that  when 
urged  by  the  necessities  of  nature,  such  as  thirst,  hunger, 
and  weariness,  they  might  only  feel  a  diminution  of  plea- 
sure, is  not  only  to  alter  ■  man's  nature,  but  external 
nature  also ;  for,  whilst  there  are  earth,  rocks,  woods, 
and  water  for  our  theatre  of  existence,  the  textures  of 
our  bodies  must  be  exposed  to  injuries,  from  which  they 
can  only  be  protected  by  a  sensibility  adapted  to  each 
party  and  capable  of  rousing  us  to  the  most  animated 
exertions.  Take  away  pain,  and  take  also  away  the  ma- 
terial world,  by  which  we  are  continually  threatened 
with  injury  ;  and  what,  after  all,  is  this,  but  imagining  a 
future  state  of  existence,  instead  of  that  in  which  mind 
and  matter  are  combined  ?  If  all  were  smooth  in  our 
path,  if  there  were  neither  rugged  places  nor  accidental 
opposition,  whence  should  we  derive  those  affections  of 
'our  minds  which  we  call  enterprise,  fortitude,  and 
patience  ? 

Independent  of  pain,  which  protects  us  more  power- 
fully than  a  shield,  there  is  inherent  in  us,  and  for  a 
similar  purpose,  an  innate  horror  of  death.  "  And  what 
thinkest  thou  (said  Socrates  to  Aristodemus)  of  this  con- 
tinual love  of  life,  this  dread. of  dissolution,  w\\\e\i  \s&a% 
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possession  of  us  from  the  moment  that  we  arc  conscious 
of  existence  ?  "  "I  think  of  it,  (answered  he,)  as  the 
means  employed  by  the  same  great  and  wise  artist,  de- 
liberately determined  to  preserve  what  he  has  made." 

The  reader  will  no  doubt  here  observe  the  distinction. 
We  have  experience  of  pain  from  injuries,  and  learn  to 
avoid  them ;  but  we  can  have  no  experience  of  death, 
and  therefore  the  Author  of  our  being  has  implanted  in 
us  an  innate  horror  at  dissolution ;  and  we  may  see  this 
principle  extended  through  the  whole  of  animated  nature. 
Where  it  is  possible  to  be  taught  by  experience,  we  are 
left  to  profit  by  it ;  but  where  we  can  have  none,  feel- 
ings are  engendered  without  it.  And  this  is  all  that 
was  necessary  to  show  how  the  life  is  guarded ;  some- 
times by  mechanical  strength,  as  in  the  skull ;  sometimes 
by  acute  sensation,  as  in  the  skin  and  in  the  eye ;  some- 
times by  innate  affections  of  the  mind,  as  in  the  horror 
of  death,  which  will  prevail  as  the  voice  of  nature,  when 
we  can  no  longer  profit  by  experience. 

But  the  highest  proof  of  benevolence  is  this,  that  we 
have  the  chiefest  source  of  happiness  in  ourselves. 
Every  creature  has  pleasure  in  the  mere  exercise  of  his 
body,  as  well  as  in  the  languor  and  repose  that  follow 
exertion ;  but  these  conditions  are  so  balanced  that  we 
are  impelled  to  change,  and  every  change  is  an  additional 
source  of  enjoyment.  What  is  apparent  in  the  body,  is 
true  of  the  mind  also.  The  great  source  of  happiness  is 
to  be  found  in  the  exercise  of  talents,  and  perhaps  the 
greatest  of  all  is  when  the  ingenuity  of  the  mind  is  exer- 
cised in  the  dexterous  employment  of  the  hands.  Idle 
men  do  not  know  what  is  meant  here ;  but  Nature  has 
implanted  in  us  this  stimulus  to  exertion,  that  she  has 
given  to  the  ingenious  artist — the  man  who  invents,  and 
with  his  hands  creates,  a  source  of  delight,  ]X?rhaps 
greater,  certainly  more  uninterrupted,  than  belongs  to 
the  possession  of  higher  intellectual  j>ower6,  and  far  be- 
yond any  that  falls  to  the  lot  of  the  minion  of  fortune. 

We   believe   that   every  thinking   person   may   have 

iviierewithal  in  his  own  suhcre  to  tutor  him,  and  bring 

him  to  the  temper  of  \\\\\\0l  ucA  \wXu&  H&\<&h.  we  would 
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Yet  there  is  something  peculiarly  appropriate 
:udy  of  our  own  bodies.  In  chemistry  we  are  so 
e  agents  as  to  forget  the  law,  and  the  law  itself 
:  least  to  intermit.  Bat  in  the  changes  wrought 
niuial  frame,  the  directing  power  is  uniform  in 
>nce,  and  holds  all  in  harmony  of  action, 
ow  learn  without  difficulty  and  without  mystery, 
meant  by*organic  and  animal  sensibility.  The 
hat  condition  of  the  living  organ  which  makes 
•le  of  an  impression,  on  which  it  reacts  and  per- 
;  functions.  It  appears  from  what  has  preceded, 
i  sensibility  may  cause  the  blowing  of  a  flower,  or 
on  of  a  heart.  The  animal  sensibility  is  indeed 
oper  term,  because  it  would  seem  to  imply  that 
•site,  organic  sensibility,  was  not  also  animal ; 
neans  that  impression  which  is  referred  to  the 
m ;  where  (when  action  is  excited)  perception 
effort  of  the  will  are  intermediate  agents  between 
ation  and  the  action  or  motion, 
nay  sum  up  the  inquiry  into  sensibility  and  mo* 
s: — 

le  peculiar  distinction  of  a  living  animal'  is,  that 
te  jwrticles  are  undergoing  a  continual  change  or 
m  under  the  influence  of  life.      Philosophers 
plied  no  term  to  these  motions, 
n   organ   possessed  of  an  appropriate  muscular 

and  of  sensibility  in  accordance  with  the  moving 
?nt,  as  the  heart,  or  the  stomach,  has  the  power 
>n  without  reference  to  the  mind.  The  term 
?c,  sometimes  given  to  those  motions,  conveys  a 
dea  of  the  source  of  motion,  as  if,  instead  of  being 

power,  it  were  consequent  upon  some  elastic  or 
ical  property. 

acre  are  sensibilities  bestowed  on  certain  organs, 
Iding  a  control  over  a  number  of  muscles,  which 
» them  in  action  in  a  manner  greatly  resembling 
lence  of  the  mind  upon  the  body,  yet  indepen- 

the  mind ;  as  the  sensibility  which  combines  the 

in  breathing, 
t  the  last  instance  a  large  class  of  m\ac\«  "«et% 
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mbined  without  volition.     But  the  whole  animal  fabric 
ay  be  so  employed  ;  as  in  the  instinctive  operations  of 
limals,  where  there  is  an  impulse  to  certain  actions  not 
jjcompanied  by  intelligence. 

5.  A  motive  must  exist  before  there  are  voluntary  ac- 
ions,  and  hence  philosophers  have  supposed  that  there 
;ran  be  nothing  but  instinctive  actions  in  a  new-born 
child.  But  we  must  distinguish  here  what  are  perfect  at 
first,  and  what  are  imperfect  and  irregular,  and  become 
perfect  by  use  and  the  direction  of  the  will.  The  act  of 
swallowing  is  perfect  from  the  beginning.  The  motions 
of  the  legs  and  arms,  and  the  sounds  of  the  voice,  are 
irregular  and  weak,  and  imperfectly  directed.  It  is  the 
latter  which  improve  with  the  mind.  From  not  knowing 
the  internal  structure,  and  the  arrangement  of  the  nerves, 
philosophers,  as  Hartley,  supposed  that  an  instinctive 
motion,  such  as  swallowing,  may  become  a  voluntary  act 
Volition  in  the  act  of  swallowing  consists  merely  in 
putting  the  morsel  within  the  instinctive  grasp  of  the 
fauces,  when  a  series  of  involuntary  actions  commence, 
over  which  we  have  no  more  control  in  mature  age  than 
in  the  earliest  infancy.  Swallowing  is  not  a  voluntary 
action,  and  the  thrusting  the  morsel  back  with  the  tongue 
is  like  putting  the  cup  to  the  lip.  It  is  the  preparation 
for  the  act  of  swallowing  that  is  voluntary,  but  over  tb 
act  itself  we  have  no  control. 

It  is  an  error  to  suppose  that  all  muscular  actions  ar 
in  the  first  instance,  involuntary,  and  that  gver  some 
them  we  acquire  a  voluntary  j>ower.     The  j>ower  of 
lition  over  the  muscles  of  the  body  is  provided  for 
appropriate  nerves,  and  no  apparatus  which  is  not  s 
plied  with  that  particular  class  of  nerves  can  ever 
any  exercise  or  study,  become   subject  to  volition, 
child's  face  has  a  great  deal  of  motion  in  it,  very  di 
ing  from  its  resemblance  to  expression,  before  then 
be  any  real  motive   to  the  action.     It  will  crow 
make  strange  sounds,  before  there  is  an  attempt  at  sj 
But  this  gradual  development  of  intelligence  and 
sition  of  power  oug;ht  uot  to  be  (railed  the  will  att 
influence  over  involuntary  uva&<ta!&\  *\\\wi%  in  fa 
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apparatus  of  nerves  and  muscles  is  prepared  and  waits 
for  the  direction  of  the  mind  with  so  perfect  a  readiness, 
as  to  fall  into  action  and  just  combination  before  that 
condition  or  affection  of  the  mind  which  should  precede 
the  action  takes  place.  A  child  smiles  before  anything 
incongruous  can  enter  the  mind,  before  even  pleasure 
can  be  supposed  a  condition  of  the  mind.  Indeed,  the 
smile  on  an  infant's  face  is  first  perceived  in  sleep. 

6.  All  the  motions  enumerated  above  are  spontaneous 
motions  belonging  to  the  internal  economy ;  but  the  ex- 
ternal relations  of  the  animal,  the  necessity  of  escaping 
from  injury,  or  warding  off  violence,  require  a  sensibility 
suited  to  those  outward  impressions,  and  an  activity  con- 
sequent on  volition.  Nothing  less  than  perceptions  of 
the  mind,  and  voluntary  acts,  suited  to  a  thousand  cir- 
cumstances of  relation,  could  preserve  the  higher  classes 
of  animals,  and  man  above  all  others,  from  destruction. 

All  these  provisions  proceed  from  an  arrangement  of 
nerves  and  muscles.  Tne  mechanical  adjustment  of  the 
muscles  and  tendons  is  perfect  according  to  the  prin- 
ciples of  mechanics.  The  muscles  themselves  possess  a 
different  property ;  they  are  irritable  parts ;  motion  ori- 
ginates in  them.  This  living  property  of  contraction  is 
admirably  suited,  in  each  particular  muscle,  to  the  office 
it  has  to  perform.  In  some  it  is  suitable  that  the 
muscles  should  act  as  rapidly  as  the  bowstring  on  the 
arrow;  in  others  the  action  is  slow  and  regular;  in 
others  it  is  irregular,  and  after  long  intervals,  according 
as  the  functions  to  which  they  are  subservient  require. 
The  motions  of  the  limbs,  the  motions  of  the  eye,  those 
of  the  heart  and  arteries,  stomach  and  bowels,  are  all 
different.  This  appropriation  of  action  is  not  in  the 
muscles  themselves,  but  as  they  stand  in  relation  to  the 
nervous  system,  and  the  sensibilities  which  impel  them. 

We  hope,  then,  by  the  course  we  have  taken,  that  we 
have  carried  the  reader  to  a  higher  sense  of  the  perfec- 
tion of  the  animal  structure.     We  first  drew  him  to  ob- 
serve provisions  in  the  strengthening  of  the  ] 
adjustment  of  their  extremities  to  the  joints, 
of  the  tendons,  and  other  such  mfcc\\w£\<M&L 
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proving  to  him  the  existence  of  intention  m  the  forma- 
tion of  the  solid  fabric  of  the  body.  We  hare  then  ex- 
plained how  that  motion  is  produced  which  was  at  all 
times  familiar  to  him,  but  even  the  immediate  causes  of 
which  he  did  not  comprehend.  We  have,  in  the  last 
place,  shown  him  that  under  the  term  life  he  has  a  still 
more  admirable  subject  of  contemplation  in  the  adjust- 
ment of  those  living  properties ;  in  the  sensibilities  dif- 
fering not  so  much  in  degree  as  in  kind ;  and  in  their 
appropriation,  both  to  the  operations  of  the  internal 
economy,  and  to  the  relations  external,  and  necessary  to 
safety. 

It  is  not  possible  to  contemplate  these  things  withort 
having  the  full  proof  before  us  of  the  power  of  the 
Creator  in  forming  and  sustaining  the  animal  body.  As 
a  man  with  gutta  scrcna  may  turn  his  eyes  to  the  sob, 
and  feel  no  influence  of  light ;  so  may  the  understanding 
be  blind  to  these  proofs ;  and  we  may  say,  with  the 
celebrated  Dr.  Hunter,  that  he  who  can  contcmpbte 
them  without  enthusiasm,  must  labour  under  a  desi 
palsy  in  some  part  of  his  mind,  and  we  must  pity  him* 
unfortunate. 
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CHAPTER  IV. 

THE  CM  A  SOBS  IK  THB  MATEBIAI,  OF  THJ*  AJTJMAJL 
BODY   DURING  LIFX. 

hare  seen  the  motions  performed  in  the  animal  body 
ugh  the  actions  of  the  muscles  and  the  play  of  the 
hanical  parts,  and  we  have  had  occasion  to  reflect 
he  action  of  the  heart  and  the  motion  of  the  blood 
he  circulation ;  but  these  are  as  nothing  compared 
i  the  interest  of  our  present  subject — the  changes 
rg  forward  in  the  sohd  material  of  the  frame.  Is  it 
surprising  that  the  individual  who  retains  every  po- 
inty of  body  and  of  mind,  whose  features,  whose  gait 
mode  of  action,  whose  voice,  gestures,  and  corn- 
lion  we  are  ready  to  attest  as  the  very  proof  of  per- 
il ity,  should  in  the  course  of  a  few  days  change  every 
icle  of  his  solid  fabric  ? — that  he  whom  we  suppose 
saw,  is,  as  far  as  his  body  is  concerned,  a  perfectly 
(rent  person  from  him  we  now  see  ?  That  the  fluids 
*  change  we  are  ready  to  allow,  but  that  the  solids  are 
5  ever  shifting  seems  at  first  improbable.  And  yet, 
icre  be  any  thing  firmly  established  in  physiology,  if 
•e  be  truth  in  the  science  at  all,  this  fact  is  mcontro- 
ible. 

'here  is  nothing  like  this  in  inanimate  nature.  It  is 
jtiful  to  see  the  shooting  of  a  crystal ; — to  note,  first, 
formation  of  integrant  particles  from  their  elements 
olution,  and  these,  assuming  a  regular  form  under  the 
lence  of  attraction  or  crystalline  polarity,  producing 
eterminate  shape ;  but  the  form  is  permanent.  In 
different  processes  of  elective  attraction,  and  in  fer- 
ltation,  we  perceive  a  commotion,  but  in  a  little  time 
products  arc  formed,  and  the  particles  are  at  rest, 
jre  is  in  these  instances  nothing  Yike  &fe  wh&u&ami 
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of  the  living  animal  substance,  where  the  material  is 
alternately  arranged  and  decomposed.  The  end  of  this 
is,  that  the  machinery  of  the  body  is  ever  new,  and  pos- 
sesses a  property  within  itself  of  mending  that  which  was 
broken,  of  throwing  off  that  which  was  useless,  and  of 
building  up  that  which  was  insecure  and  weak ;  of  re- 
pelling disease,  or  of  controlling  it,  and  substituting  what 
is  healthful  for  that  which  is  morbid.  The  whole  animal 
machinery  we  have  seen  to  be  a  thing  fragile  and  ex- 
posed to  injury ;  without  this  continual  change  of  ma- 
terial, and  this  new  modelling  of  that  material,  our  lives 
would  be  more  precarious;  the  texture  of  our  bodies 
would  be  spoiled  like  some  fine  piece  of  mechanism 
which  had  stopped,  and  no  workman  would  hare  science 
sufficient  to  reconstruct  it.  .  But  by  this  process,  the 
minute  particles  of  the  body  die  successively  ;  not  as  in 
the  final  death  of  the  whole  body,  but  part  by  part  is 
deprived  of  its  vitality  and  taken  away  into  the  general 
circulation,  whilst  new  parts  are  endowed  with  the  pro- 
perty of  life,  and  are  built  up  in  their  place.  By  this 
revolution,  we  see  nature,  instead  of  having  to  establish 
a  new  mode  of  action  for  every  casualty,  heals  ail 
wounds,  unites  all  broken  bones,  throws  oft'  all  morbid 
parts  by  the  continuance  of  its  usual  operations ;  and  the 
surgeon  who  is  modest  in  his  calling,  has  nothing  to  do 
but  to  watch,  lest  ignorance  or  prejudice  interfere  with 
the  process  of  nature.  This  property  of  the  living  body 
to  restore  itself  when  deranged,  or  to  heal  itself  when 
broken  or  torn,  is  an  action  which  so  frequently  assumes 
the  appearance  of  reason,  as  if  it  were  adapting  itself  to 
the  particular  occasion,  that  even  the  last  great  luminary 
in  tiiis  science,  Mr.  John  Hunter,  speaks  of  parts  of  the 
body,  as  "  conscious  of  their  imperfection,"  and  "  act- 
ing from  the  stimulus  of  necessity,"  thus  giving  the  pro- 
perties of  mind  to  the  body,  as  the  only  explanation  of 
phenomena  so  wonderful. 

We  make  a  moderate  assumption,  when  we  declare 
these  changes  to  be  under  the  guidance  of  the  living 
principle.  In  a  seed,  or  a  nut,  or  an  eggy  we  know  that 
there  is  life,  and  from\Yve\fcT^^fcHX\\s»3\at  these  bodies 
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•emain  without  change,  we  are  forced  to  acknow- 
that  this  life  is  stationary  or  dormant,  and  limited 
j  counteraction  of  putrefaction  or  chemical  decom- 
on ;  but  no  sooner  does  this  principle  become 
■,  than  a  series  of  intestinal  or  internal  changes  are 
lenced,  which  are  regularly  progressive,  without  a 
Tit's  interruption,  while  life  continues, 
at  principle  which  may  continue  an  indefinite  num- 
f  days,  months,  or  years,  producing  no  change  in 
is  time,  begins  at  once  to  exhibit  its  influence, 
:  up  the  individual  body,  regulates  the  actions  of 
ion  and  absorption ;  and,  by  its  operation  upon  the 
ial  of  the  frame,  stamps  it  with  external  marks  of 
y,  maturity,  and  age. 

;  let  us  examine  the  proofs  of  this  universal  change 
■  material  of  the  body.  It  is  not  very  lone  since 
e  was  supposed  to  be  a  concrete  juice,  and  that  the 
parts  were  converted  into  solids,  as  we  see  mortar 
ris  plaster  from  fluid  assuming  a  solid  form.  But 
latomist  began  to  observe,  that  the  bones  were 
s ;  that  these  pores  admitted  membranes  and  vessels ; 
>me  went  so  far  before  their  brethren,  as  to  assert 
they  saw  arteries,  veins,  lymphatics,  and  nerves 
into  the  bone ;  in  short,  the  opinion  gradually 
stronger,  that  they  were  living  parts,  and  subject 
the  changes  to  which  the  softer  parts  of  the  living 
were  liable.  An  accident  gave  admirable  proof  of 
It  was  found  that  the  bones  of  pigs,  fed  with  the 
of  the  dyer's  vats,  in  which  madder  was  contained, 
e  tinged  of  a  beautiful  red  colour.  It  was  this  fact 
ingenious  physiologists  made  use  of,  and  which 
)d  them  to  demonstrate  the  rapidity  with  which  the 
ne  was  carried  away,  and  new  bone  substituted, 
hysiologist  observed,  that  if  he  threw  a  bone  into 
e,  what  is  called  the  animal  part  was  burned  and 
ited,  but  there  remained,  imperishable  by  this  pro- 
l  mass  of  earth,  which  proved  to  be  the  phosphate 
e.  He  thought  of  varying  his  experiment,  and 
e  bone  into  acid,  which  dissolved  that  phosphate 
i,  and  left  the  bone  to  all  outward  ap\feurox&& 
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before.  It  had  its  form,  its  membranes,  k§  vessels,  but 
when  pressed  it  proved  to  be  soft  and  pliant ;  the  phos- 
phate of  lime  having:  been  dissolved  and  extracted,  it  was 
no  longer  capable  of  the  office  of  a  bone,  to  bear  the 
weight  and  motions  of  the  body.  When  the  experiments 
with  madder  were  resumed,  it  appeared  that  when  this 
earth  of  bone  was  about  to  be  secreted  from  the  circulat- 
ing vessels,  and  deposited  in  the  membranes  of  the  bone, 
it  met  wi{h  the  colouring  particles  of  the  madder  in  the 
blood ;  and,  as  the  chemist  would  explain,  the  madder 
and  the  phosphate  of  lime  were  precipitated,  and  filled 
all  the  interstices  of  the  membranes  and  vessels.  We 
shall  not  stop  here  to  inquire  into  the  admirable  manner 
in  which  this  hardening  material  of  bone  is  deposited  for 
the  purposes  of  strength — it  is  only  the  change  upon 
the  material  which  we  have  now  to  contemplate. 

If  this  earth  of  bone,  so  coloured,  had  beeen  deposited 
for  a  permanency,  and  built  into  these  cells  and  crevice*, 
like  brick  and  mortar,  the  colour  would  remain;  but, 
however  deeply  the  bones  of  an  animal  may  be  tinged  in 
this  manner,  the  colour  is  not  permanent,  unless  the 
animal  continue  to  be  fed  with  the  madder.  If  its  footl 
be  pure  of  the  madder,  even  for  a  few  weeks,  and  if  after 
this  the  animal  be  killed,  its  bones  are  white,  that  is  to 
say,  the  old  particles  of  phosphate  of  lime  are  carried 
away  by  absorption,  and  with  them  the  colouring  ma- 
terial ;  and  that  newer  bone  which  is  deposited  by  the 
arteries  is  untinged  and  pure,  having  no  colouring  ma- 
terial to  attract. 

It  is  unnecessary  to  follow  out  those  curious  experi- 
ments by  which  the  physiologist  has  shown  the  rapidity 
of  the  formation  of  a  new  bone  around  the  broken  endw 
an  old  one,  and  the  deep  tinge  such  new  bone  takes, 
compared  with  the  fainter  colour  of  that  which  had  beei 
perfect,  previous  to  the  feeding  with  madder ;  the  manner 
in  which,  by  feeding  the  animal  alternately  with  madder 
and  without  it,  he  contrives  to  exhibit  different  coloured 
layers  in  the  growing  bone.  It  is  sufficient  for  our  pur- 
pose, to  know  that  the  densest  part  of  the  animal  fraitf 
is  subject  to  change,  \\Vlc  t&e  moax  foXvate  texture  of  tin 
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body,  and  that  the  only  means  of  arresting  the  motion 
is  to  deprive  it  of  life  ;  if  a  part  of  a  bone  be  killed  by 
the  application  of  a  cautery,  that  moment  it  becomes  per* 
manent,  and  is  subject  to  no  change,  whilst  all  the  parts 
around  it  are  undergoing  their  revolutions. 

The  bones  of  the  legs  and  thighs,  which  suffer  tho 
fatigue  of  motion,  and  which  support  the  weight  of  the 
body,  without  diminishing  in  their  length,  or  altering  in 
ike  slightest  measureable  degree  their  proper  form,  are 
nevertheless  undergoing  an  operation  of  repair,  in  which 
the  old  particles  are  withdrawn,  whilst  new  ones  replace 
them.  We  see  with  what  care  the  walls  of  a  house  are 
■bored  up  to  admit  of  repair — how  carefully  the  work- 
man must  estimate  the  strength  of  his  pillars  and  beams — 
how  nicely  he  must  hammer  in  his  wedges,  that  every 
interstice  may  be  filled,  and  no  strain  permitted ;  and  if 
this  operation  fail  in  the  slightest  degree,  it  is  attended 
with  a  rent  of  the  wall  from  top  to  bottom.  We  say, 
then,  that  by  the  very  awkwardness  of  this  process,  in 
which,  after  all,  there  is  danger  of  the  whole  fabric  tum- 
bling about  the  workmen,  we  are  called  upon  to  admire 
how  the  solid  pillars  in  our  own  frame  are  a  thousand 
times  renewed,  whilst  the  plan  of  the  original  fabric  is 
followed  to  the  utmost  nicety  in  their  restoration.  And 
if  it  deviate  at  all,  it  is  only  in  a  manner  the  more  to 
Surprise  us,  since,  on  examination,  it  will  be  discovered 
to  result  from  an  adaptation  of  the  strength  of  material 
to  some  new  circumstance,  the  increasing  weight  it  has 
to  support,  or  the  jar  that  it  is  subject  to,  from  the 
change  in  the  activity  or  exercise  of  the  body. 

There  is  a  disease  of  the  bone  which  illustrates  this  in 
a  surprising  manner,  and  proves  to  us,  that  however  dis- 
eased and  monstrous  in  its  shape  the  bone  may  be,  yet 
there  is  a  natural  law  operating,  which  by  its  prevalence 
will  overcome  the  morbid  action,  and  from  a  shapeless 
mass  restore  the  bone  to  its  natural  condition. 

This  disease  is  called  necrosis,  which  word  signifies 
the  death  of  the  bone  merely ;  but  it  is  death  in  very 
peculiar  circumstances;  a  new  bone  is  formed  around 
the  old  one ;  a  large  and  clumsy  cylinder  is  fo&YvYo\\fe&  *& 
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the  earth  of  bone,  in  the  hollow  of  which  the  ■haft  of 
the  old  bone  is  contained.  After  a  long  time  the  old 
bone  comes  out  through  this  new  case,  and  with  the  aid 
of  the  surgeon  it  is  altogether  withdrawn  from  the 
limb.  During  all  this  process  the  patient  is  capable  of 
supporting  his  weight  upon  that  limb,  so  that  it  resem- 
bles on  a  large  scale  that  change  which  we  have  de- 
scribed as  going  continually  on  in  the  molecules  of  the 
bone ;  a  new  part  is  substituted,  and  the  old  taken  away. 

If  workmen  were  to  take  away  a  pillar  in  the  following 
manner,  their  work  would  resemble  the  process  of  ne- 
crosis :  first,  they  must  rear  a  hollow  cylinder  around  the 
old  pillar,  resting  on  the  plinth  and  base,  and  extending 
to  the  capital,  and  haying  secured  the  union  of  the  cy- 
linder at  top  and  bottom  to  the  extremities  of  the  pillar, 
they  must  take  away  the  shaft,  or  middle  piece,  of  the 
old  pillar  by  perforating  the  new  cylinder. 

The  reader  may  easily  imagine  that  when  this  proceei  c 
is  completed  in  a  man's  limb,  it  will  be  as  clumsy  as  the  fe 
leg  of  an  elephant,  large,  firm,  and  shapeless ;  bat  the  )U 
extraordinary  circumstance  is  still  to  be  described.— 
This  new  bone  is  gradually  diminished  in  its  exterior 
surface,  and  its  hollow  filled  up,  and  thus,  by  a  change 
scarcely  perceptible,  it  resumes  the  form  and  dimensions 
of  the  original  bone;  and,  after  a  time,  the  anatomist 
might  examine  this  limb  and  find  neither  in  the  artico- 
lating  surfaces,  nor  in  the  spines  and  ridges,  nor  in  the 
points  of  attachment  for  ligaments  and  muscles,  any  thing 
to  indicate  the  extraordinary  revolution  that  had  taken 
place. 

What  explanation  have  we  to  give  of  this  change? 
There  can  be  no  doubt  that  the  material  is  not  the  same; 
for  we  have  the  old  bone  in  our  hand,  and  the  man  is 
walking  upon  a  new  bone.  Yet  extraordinary,  then,  as 
this  appears,  it  is  not  more  inexplicable  than  the  common 
phenomenon  of  the  growth  or  an  infant  to  maturity. 
There  is  a  living  principle  which  is  permanent  while  tie 
material  changes;  and  this  principle  attracts  and  ar- 
ranges, dissolves  and  throws  off  successive  portions  of 
the  solids.     There  is  a  \vk  VtAvks^vc^  >fca&  living  prin- 
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triple,  which,  in  its  operation  on  the  material,  shapes  and 
limits  the  growth  of  every  part,  and  carries  it  through  a 
regular  series  of  changes,  in  which  its  form  and  aptness 
for  its  office  are  preserved,  whilst  the  material  alone  is 
altered. 

The  influence  of  disease  will  for  a  time  disorder  this 
modelling  process  and  produce  tumours  and  distortions ; 
but  when  at  length  the  healthy  action,  that  is,  the 
natural  action,  prevails,  these  incumbrances  are  carried 
away,  and  the  fair  proportions  of  the  fabric  are  restored. 

It  is  very  pleasing  to  observe  the  different  means  em- 
ployed where  a  slight  change  of  circumstances  demands 
u.  This  earth  of  bone — the  phosphate  of  lime — is 
changing  continually ;  but  the  teeth  admit  of  no  change ; 
they  consist  of  earth  too — the  phosphate,  carbonate,  and 
filiate  of  lime.  Bodies  calculated  for  such  violent  attri- 
tion, and  with  a  surface  so  hard  as  to  strike  fire  with  steely 
would  be  ill  accommodated  with  such  a  property  of 
changing  as  we  have  seen  in  the  bones.  They  must 
therefore  fall  out  and  be  succeeded  by  new  ones ;  and 
this  process,  familiar  as  it  may  be,  is  very  curious  when 
philosophically  considered. 

There  are  no  teeth  whilst  yet  the  infant  is  at  the 
breast ;  and  when  they  rise  they  are  attended  with  new 
appetites,  and  a  necessity  for  change  of  food.  When 
perfected  they  form  a  range  of  teeth,  neat  and  small, 
adapted  to  the  child's  jaws  and  the  size  of  its  bones. 
Were  they  to  grow  at  once,  or  to  fall  out  at  once,  it 
would  prove  a  disturbance  to  the  act  of  eating.  They 
Call  in  succession;  their  fangs  are  absorbed,  they  are 
loose  and  jangling,  and  are  easily  extracted.  But  now 
comes  the  question,  why  are  these  teeth  of  the  infant 
old  at  six  years  ?  Why  are  those  that  are  to  succeed 
and  be  stationary  for  a  series  of  years,  to  germinate  and 
grow  at  the  appointed  time  like  the  buds  in  the  axilla  of 
a  leaf?  And  when  fully  formed,  why  do  they  remain 
perfect  for  sixty  years  instead  of  six ;  at  the  end  of 
which  term  the  first  set  were  old  and  decayed  ?  No 
difference  can  be  observed  in  the  material  of  the  teeth 
of  the  first  or  second  set.    The  one  will  be  a»  \rafcx:\.  *a 
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the  other  after  remaining  a  hundred  yean  in  a  ehmel  |t 
house.  Can  any  one  rejuse  his  belief,  then,  when  hi 
sees  so  accurate  a  mechanical  adaptation  of  the  teeth  If 
their  places  and  their  offices ;  can  he,  we  say,  refit*  Itf 
assent  to  this  also,  that  there  is  a  law  impressed— a  pro-  U 
perty  by  which  the  milk  teeth  shall  ma  and  be  dn- 
charged  from  the  jaw  in  six  years,  whilst  the  othen  wS 
last  the  natural  life  of  the  adult,  if  not  uuured  D7  acci- 
dents to  which  all  parts  are  subject  ?  This  is  not  mi 
only  instance  in  which  parts  of  the  body  lie  dormant  fir 
a  term  of  years,  and  are  at  a  particular  period  of  life 
developed  and  perfected — and  which  have,  we  may  aw, 
their  time  of  infancy,  perfection,  and  decay,  whilst  jit 
there  is  no  material  deterioration  observable  in  the 
ral  frame. 

We  are  thus  brought  to  the  oonsideration  «f  a 
which  has  not  yet  been  mirly  stated. 

Those  Who  say  that  life  results  from  structure,  as* 
that  the  material  is  the  lrdiag  part,  bid  us  look  to  to 
contrast  of  vouth  and  age.  The  activity  of  limb  ami 
buoyancy  of  spirit  they  consider  as  a  necessary  ooaav 
quenc'e  of  the  newness  and  perfection  of  organizatkm  m 
youth.  On  the  other  hand,  a  ruined  tower,  unroofed, 
and  exposed  to  be  broken  up  bvjdternation  of  frost  ssl 
heat,  dryness  and  moisture,  wedded  by  the  roots  of  ivy, 
and  tottering  to  its  fall,  they  compare  with  old  age— 
with  the  shrunk  limbs,  tottering  gait,  shrivelled  face,  aai 
scattered  grey  hair  of  the  old. 

But  in  all  this  there  is  not  a  word  of  truth.  WaHrt 
there  is  life  and  circulation  there  is  change  of  the  na- 
terial  of  the  frame  (and  there  is  a  sign  of  this  if  a  brokes 
bone  unites  or  a  wound  heals).  Ascribe  the  distincuoa 
to  the  rapidity  of  change,  to  the  velocity  of  circulation, 
or  to  the  more  or  less  energy  of  action ;  but  with  ts* 
antiquity  of  the  material  it  can  have  nothing  to  do.  The 
roundness  and  fulness  of  flesh,  the  smoothness,  transpft* 
rency,  and  colour  of  the  cheek,  belong  to  youth,  as  cm- 
racteristic  of  the  time  of  life,  not  as  a  necessary  quality 
of  the  material !  Is  there  a  physiognomy  in  all  nature— 
among  birds  and  beasts,  and  \rae<A&  toA  flowers — and 
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i  the  accidental  effects 
on  of  the  material  of  the  frame.  The 
ich  are  wrought  on  the  structure  of  the 
d  in  the  spring  of  life  are  going  on  in 
life ;  but  the  fabric  is  rebuilt  on  a  dif- 
10  law  of  the  formation  is  still  inherent 

has  hurried  the  material  of  the  body 
aion  of  changes;  and  each  Blare,  from 
le  fetus,  the  fetus  to  the  child,  from 
cii,  to  maturity,  and  to  the  condition  of 
outward  form,  aa  indicative  of  internal 

of  the  perfection  or  imperfection  of  the 
We  might  as  well  consider  the  differ- 
of  life  of  the  annual  or  biennial  plant  aa 
ie  oak,  or  the  ephemeris  fly  as  compared 
at  hawks  at  it,  to  be  in  the  qualities  of 

forms  them,  aa  that  the  outward  cha- 
IFerent  stages  of  human  life  arose  from 
r  imperfection  of  the  material  of  the 
■  has  every  creature  its  appointed  term 
.ve  shown  that  parts  of  the  human  body 
■rspect/  bear  a  relation  to  the  whole ; 
ed  and  disappear ;  others,  in  the  mean 
rulatcd  period,  shoot  to  perfection,  and 
re  the  failure  of  the  body.  What  can 
how  that  it  is  the  principle  of  life  that 
that  on  it  the  law  is  imprinted  which 
ion ,  and  all  the  revolutions  we  undergo  ? 
(he  body,  solid  and  fluid,  is  moved  by 
d  varies  every  day,  part  by  part  dying 
renewed,  until  the  series  of  its  changes 
erial  of  the  body  is  accomplished  in  an 
cparation. 

:nomena  of  nature  make  powerful  im- 
naginalion,  and  we  acknowledge  them  to 
lidance  of  Providence ;  but  it  is  more 
greeable  to  our  8el[-vmportBi\te,\\.  ip«» 
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us  more  confidence  in  that  Providence,  to  discover  that 
the  minutest  changes  in  nature  are  equally  His  care,  and 
that  "  all  things  do  homage." 

Although  it  be  true  that  every  thing  in  nature,  being 
philosophically  contemplated,  wril  lead  to  the  same  con- 
clusions, jet  the  occurrences  around  us  steal  so  imper- 
ceptibly on  our  observation,  all  the  objects  of  nature,  or 
at  least  vegetable  and  animal  productions,  grow  up  by  so 
slow  a  process  by  our  side,  that  we  do  not  consider  them 
at  all  in  the  same  way  as  we  should  do  if  they  started 
suddenly  upon  our  vision. 

It  is  this  familiarity  with  the  qualities  of  a  living  body, 
and  a  habit  of  seeing  without  reflection,  which  has  made 
it  necessary  to  carry  the  reader  through  so  long  a  coune 
of  observation  and  reasoning  to  excite  attention  to  the 
admirable  structure  of  his  own  frame,  and  its  adaptation 
to  the  earth  we  inhabit — to  perceive  that  every  tiring  is 
formed  with  a  strict  relation  to  the  human  faculties  aad 
organs,  to  extend  our  dominion  and  to  multiply  oar 
sources  of  enjoyment.  It  is  by  seeing  the  plan  of  Pro- 
vidence in  the  establishment  of  relations  between  the 
condition  of  our  being  and  the  material  world,  that  we 
learn  to  comprehend  that  unity  of  design  in  the  creation 
in  which  we  form  so  great  a  part. 

This  exaltation  of  our  nature  is  not  like  the  influence 
of  pride  or  common  ambition.  We  may  use  the  words 
of  Socrates  to  his  scholar,  who  saw  in  the  contemplation 
of  nature  only  a  proof  of  his  own  insignificance,  and  con- 
cluded "  that  the  gods  had  no  need  of  him,"  which  drew 
this  answer  from  the  sage :  "  The  greater  the  munifi- 
cence they  have  shown  in  the  care  of  thee,  so  much  the 
more  honour  and  service  thou  owest  them !" 


END  OF  VOLUME  IV. 
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